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BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] This invention generally relates to cardiology and, more particularly, to non-invasive 
and invasive cardio-electromagnetic therapy. 

2. DESCRIPTION OF THE BACKGROUND 

[0002] Intrinsic rhythmicity is a well-established cardiac property. Intrinsic rhythmicity is the 
heart's ability to initiate its own heart rate, rhythm, and conductivity without nervous 
innervation. Even though the heart can initiate its own heart rate, rhythm, and conductivity, 
the autonomic nervous system is known to strongly influence heart rate, rhythm, and 
conductivity. The autonomic nervous system, in fact, has a great influence on other cardiac 
properties such as contractility (e.g., heart pump strength) and refractoriness (e.g., excitable 
readiness). 

[0003] The autonomic nervous system has two components. One component, the 
parasympathetic nervous system, can cause slowing of the heart rate and slowing of atrio- 
ventricular (A-V) conduction in the heart. The A-V conduction rate is slowed when the 
parasympathetic nervous system releases acetylcholine at the atrioventricular node. The 
heart rate is slowed when the parasympathetic nervous system releases acetylcholine at the 



1 



Attorney Docket No. 35733/181868 
Express Mail No. EV 316 331 697 US 

nerve terminals at the sino-atrial node. The sinoatrial node is considered the heart's primary 
"pacemaker." 

[0004] The other component of the autonomic nervous system is the sympathetic nervous 
5 system. The sympathetic nervous system, conversely, causes speeding of the heart rate, 
speeding of the A-V conduction rate, and constriction of blood vessels. The sympathetic 
nervous system releases neurotransmitters, such as epinephrine and norepinephrine, to speed 
heart rate and A-V conduction. The sympathetic nervous system is also known to cause an 
increase in the force of contraction of the heart muscle. The neurotransmitters epinephrine 
10 and norepinephrine have also been implicated in the irregular heart rhythm called 
arrhythmias. Arhythmias is an irregularity of the heart rate arising from either the atria or the 
ventricles. 

[0005] Because the autonomic nervous system is known to influence heart properties, 
15 research has focused on stimulating the autonomic nervous system. One research avenue 
shows that electrical stimulation of the autonomic nervous system causes the release of 
neurotransmitters. These neurotransmitters, as mentioned above, affect heart rate, rhythm, 
conductivity, and contractility. This electrical stimulation has, however, always required 
surgical dissection of the parasympathetic and sympathetic nerves. Surgical dissection of 
20 nerve tissue is not acceptable or practical for clinical studies and clinical purposes. 

[0006] Another research avenue has been chemical stimulation. Researchers have chemically 
synthesized the neurotransmitters that affect heart rate, rhythm, conductivity, and 
contractility. This chemical stimulation has proven useful in modulating cardiac properties in 
25 clinical circumstances. "Beta-blockers" such as propanolol, for example, have been used as 
sympathetic nerve blocking agents. These beta-blockers have proven invaluable in 
controlling abnormalities of the heart's rhythm, rate, and conduction. 

[0007] Chemical stimulation, however, is approached with caution. The effects of chemical 
30 stimulation are not completely understood. Chemically synthesized neurotransmitters, or 
similar agents, are very technologically new and the long-term affects are unknown. A 
further problem is that patients are often found to become non-compliant, i.e., they stop their 
medication or their compliance is irregular. 
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[0008] Accordingly, there is a need to stimulate the autonomic nervous system that does not 
require surgical dissection of nerve tissue, which is acceptable to clinical subjects, and is cost 
effective to administer. These advantages and other advantages are provided by the system 
5 and method described herein, and numerous disadvantages of existing techniques are avoided. 



SUMMARY OF THE INVENTION 

10 

[0009] In accordance with one aspect of the invention, there is provided a method of 
treatment or prophylaxis of a disease state or a condition. An organism is subjected to 
electromagnetic field having an electromagnetic flux density from about 5 X 10" 6 gauss to 
about 1 X 10 " 12 gauss and a frequency of between about zero and about 140 Hertz. The 
15 electromagnetic field is applied therapeutically to treat or prevent cardiac diseases and 
conditions. The diseased state or condition may include elevated heart rate, irregular heart 
rate, elevated blood pressure, cardiovascular failure, blood clots, atrial fibrillation, ventricular 
fibrillation, atrioventicular blockage, diseased heart valves, enlarged heart, circulatory 
blockage, coronary insufficiencies, and ischemia. 

20 

[0010] In a more specific aspect, the magnetic flux density of the field is calculated using the 
formula mc 2 = Bvlq, where B is the magnetic flux density, m is the mass of one or more 
targets, c is the speed of light, v is the inertial velocity of the mass, 1 is the length of the 
organism to which the field will be applied, and q is a unity of charge. 

25 

[0011] Preferably, the electromagnetic field is administered to affect the autonomic nervous 
system. In one aspect, the electromagnetic radiation is administered in a range between about 
2 to about 3.4 X 10~ 8 gauss and a frequency between about 0 to about 28 Hertz to affect the 
parasympathetic nervous system. In an alternative aspect, the electromagnetic radiation is 
30 administered in a range between about 7.6 X 10" 8 to about 1 X 10" 6 gauss at a frequency from 
about 0 to about 28 Hertz to affect the sympathetic nervous system. 
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[0012] The organism may be subjected to the electromagnetic field by either placing the 
organism inside an external apparatus for generating the electromagnetic field. Alternatively, 
the organism may be subjected to the electromagnetic radiation by implanting a device for 
generating the electromagnetic field directly into the organism. The device is implanted in 
5 proximity to the organ to which treatment is targeted. Thus, the treatment may be 
administered either non- invasively or invasively. 

[0013] In another aspect of the invention, a device invasively administers an electromagnetic 
field in an organism. The device has at least one inductor for emitting electromagnetic 

10 energy, which has a magnetic flux density from about 5 X 10" 6 gauss to about 1 X 10' 12 gauss 
and a frequency between 0 and 140 Hertz. The device also has a means for implanting the 
inductor into the organism. The inductor may be either a Helmholtz coil, a solenoid coil, or a 
saddle coil. The means for implanting may be a catheter or a stent. One of ordinary skill in 
the art would understand that other means for implanting the inductor are possible and easily 

15 interchanged with a catheter or stent, for example, any medical device having a receptacle for 
the inductor such that the inductor may be implanted into an organism. 

[0014] In a more specific aspect, the device has a first wire and a second wire connected to 
the ends of the inductor, and a signal generator for generating an electric signal through the 
20 first and second wires and an attenuator for attenuating the signal. The attenuator and the 
signal generator may not be implanted into the organism. 

[0015] In another more specific aspect, the device has a balloon attached to the first end of 
the catheter tube, which is inflatable and deflatable in response to fluid pressure within the 
25 catheter tube. The inductor is located within the balloon. Preferably, the inductor expands 
and contracts correspondingly with the balloon inflation and deflation. 

[0016] In yet another aspect, a device invasively administers an electromagnetic field in an 
organism. The device has at least one solenoid for emitting the electromagnetic field, which 
30 has a magnetic flux density from about 5 X \0' 6 gauss to about 1 X 10" 12 gauss and a 
frequency between about 0 and about 140 Hertz. A capacitor is operatively connected to the 
solenoid. The device also has a means for implanting the solenoid and the capacitor into the 
organism, and a means for inducing an electric current in the solenoid. The means for 
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implanting may be a stent. One of ordinary skill in the art would understand that other means 
for implanting the inductor are possible and easily interchanged with a stent, for example, a 
catheter or other medical device having a receptacle for the inductor. 

5 [0017] In a more specific aspect, the means for inducing the electric current in the solenoid is 
a catheter that is removably insertable into the solenoid. A second solenoid coil is attached to 
the catheter, which is also removeably insertable into the solenoid. A means for generating 
an electric current through the second solenoid coil is provided. The electric current in the 
second solenoid induces an electric current in the first solenoid coil. Preferably the means for 

10 inducing the electric current is a first wire attached to a first end of the second solenoid coil; a 
second wire attached to a second end of the second solenoid coil, an attenuator operatively 
connected to the first and second wires, and a signal generator operatively connected to the 
first and second wires. The signal generator generates a signal, which is attenuated by the 
attenuator and carried along the first and second wires. The signal generator and the 

15 attenuator are not implanted in the organism. 

[0018] In an alternative aspect, the means for inducing the electric current in the solenoid is 
an electromagnetic field generator that is external to the organism. In one specific aspect, the 
electromagnetic field generator may be a Helmholtz coil external to the organism. The 

20 organism in which the solenoid has been implanted is placed inside of the Helmholtz coil 
such that a current is induced in the solenoid coil. An attenuator is connected to the 
Helmholtz coil and a signal generator is connected to the attenuator for generating a signal to 
the Helmholtz coil. In an alternative specific aspect, the electromagnetic field generator is a 
second solenoid external to the organism. The organism in which the first solenoid has been 

25 implanted is placed inside of the second solenoid such that a current is induced in the first 
solenoid coil. An attenuator is operatively connected to the second solenoid coil and a signal 
generator is operatively connected to the attenuator for generating a signal to the second 
solenoid coil. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and other features, aspects, and advantages of the present invention will be 
better understood when the following Detailed Description is read with reference to the 
5 accompanying drawings, wherein: 

[0020] FIG. 1 shows a system used to treat persons or mammals, with extremely low 
frequency electromagnetic fields; 

[0021] FIGS. 2 and 3 are graphs showing the results of the very low frequency treatment; 
10 [0022] FIG. 4 is a graph showing the effects of the treatment on atrioventricular conduction 
measured as A-H intervals; 

[0023] FIG. 5 is an isometric view of a catheter for invasively administering the very low 
frequency electromagnetic treatment; 

[0024] FIG. 6 includes two partial views of an alternative embodiment of the catheter shown 
15 in FIG. 5; 

[0025] FIG. 7 is an isometric view of another alternative embodiment of a catheter for 

invasively administering the very low frequency electromagnetic treatment; 

[0026] FIG. 8 shows an implantable device for invasively administering the very low 

frequency electromagnetic treatment; 
20 [0027] FIG. 9 shows an alternative application for an implantable device for invasively 

administering the very low frequency electromagnetic treatment; 

[0028] FIG. 10 shows still another alternative embodiment for invasively administering 

electromagnetic treatment referred to herein as a stent coil. A signal is induced in the stent 

coil by a catheter coil; and 
25 [0029] FIG. 1 1 shows the stent coil configured such that a signal is induced in the stent coil 

by an external coil arrangement. 



DETAILED DESCRIPTION 

30 

[0030] FIG. 1 shows a system 25 used to treat persons or other organisms, with extremely 
low frequency electromagnetic fields. By "low frequency electromagnetic fields" is meant 
less than about 5 X 10" 6 gauss. A signal generator 27 generates an input signal, typically of a 
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voltage ranging from about 10~ 3 to about 10" 12 volts, or about 10" 5 to about 10" 12 amperes 
having an Electric Field strength of about 10~ 3 volts per centimeter to about 10" 12 volts per 
centimeter. The input signal transmitted along a first wire 29 and is received by a voltage 
attenuator 31. The voltage attenuator 31 attenuates the signal. The attenuated signal is 
5 transmitted along a second wire 33 and is received by at least one inductor. By the term 
inductor is meant an electronic component that stores energy in the form of a magnetic field. 
An inductor may be a wire loop or coil in a given shape to approximate unidirectional current 
by inertial - electromagnetic induction. The inductor could also be a magnet. The inductor 
may or may not include a dielectric material. As would be understood by one of ordinary 
10 skill in the art, the relationship between the magnetic flux ("B"), the magnetic constant of the 
dielectric (jio) and the magnetic field strength (H) is an example of an inductor is shown in 
FIG. 1 as a first coil 35 arranged in series with a second coil 37. The attenuated signal, after 
flowing through the inductor, returns to the signal generator 27 along a third wire 39 to 
complete a circuit. 

15 

[0031] As would be understood by one of ordinary skill in the art, current flowing through a 
wire is widely known to produce magnetic flux density. See David K. Cheng, Field and 
Wave Electromagnetics 225-50 (1983). Thus, many types of wire arrangements produce 
a magnetic flux density and can be substituted for the first and second coils 35 and 37 shown 

20 in FIG. 1. The first and second coils 35 and 37 are in an exemplary form, a Helmholtz coil. 
A Helmholtz coil is a pair of flat coils having equal numbers of turns and equal diameters 
arranged with a common axis and connected in series such that the electrical current flows in 
the same direction around both coils such that a magnet field is produced. Thus, the first and 
second coils 35 and 37 depicted in FIG. 1 may have several turns of wire. A Helmholtz coil 

25 produces a more uniform magnetic field than a single coil. Examples of other wire 
arrangements capable of producing magnetic fields include solenoid coils, saddle coils, 
toroidal, and poloidal coils. Solenoid coils are a wound coil arrangement of wire carrying an 
electric current for producing a magnetic field. A saddle coil is a pair of coils having equal 
numbers of turns and equal diameters arranged with a common axis and connected in series 

30 such that the electrical current flows in opposite directions around both coils such that a 
magnetic field is produced. As would be understood by one of ordinary skill in the art, the 
"coil" of wire is not necessarily circular in shape. For example, a solenoidal-like coil may be 
constructed such that turns of coil at some points along the coil are closer together than at 
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other points in the coil. In addition, the coils may be in any shape, such as rectangles, 
squares, and ovals, so long as a magnetic field is produced by current flowing through the 
wires. Furthermore, the electric current carried by the wire may be either a direct current 
(DC) or a time-varying current, called an alternating current (AC). An alternating current 
5 may take any wave form, for example, sinusoidal, rectilinear, triangular and trapezoidal. 
Various waveforms may also be interchangeable. 

[0032] The system 25 can be used to subject patients to the magnetic flux density. If a 
steady, static current, or a time-varying current, flows through a wire, such as the first and 
10 second coils 35 and 37, experiments have shown the electromagnetic field has biological 
parasympethetic and sympathetic effects. The system 25 can, therefore, be used to implement 
a method of treatment or prophylaxis of a disease state or a condition ameliorated or 
prevented by electromagnetic radiation. The method includes subjecting an organism to 
electromagnetic radiation having a magnetic flux density from about 5 X 10' 6 gauss and about 

1 2 

15 1X10" gauss and a frequency between about zero and about 140 Hertz. The method, more 
particularly, is applied at very low frequencies in the range of about zero to about twenty 
eight Hertz (28 Hz). 

[0033] The method can be used to ameliorate or prevent many common ailments. The 
20 diseased state or condition may include elevated heart rate, irregular heart rate, elevated blood 
pressure, cardiovascular failure, cancer, cataracts, immunological conditions (such as 
HIV/AIDS), blood clots, atrial fibrillation, ventricular fibrillation, and atrioventicular 
blockage. The diseased state or condition may also include diseased heart valves, enlarged 
heart, circulatory blockage, coronary insufficiencies, and ischemia. 

25 

[0034] Experiments have shown that electromagnetic radiation in the range of about one to 
about one hundred picoTesla (100 pT) (or between about 10" 8 gauss to about 10" 6 gauss) 
produces either parasympathetic or sympathetic effects. These parasympathetic and 
sympathetic effects occur when electromagnetic fields are impinged upon biosystems. 
30 Specifically, parasympathetic effects are observed when the electromagnetic radiation is 
administered in a range between about 10' 12 gauss to about 3.4 X 10~ 8 gauss. More 
preferably, the electromagnetic radiation is administered in a range between about 2 X 10 10' 8 
gauss to about 3.8 X 10' 8 gauss. Most preferably, the electromagnetic radiation is 
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administered in a range between about 2.8 X 10~ 8 gauss to about 3.4 X 10" 8 gauss. 
Sympathetic effects are observed when the electromagnetic radiation is administered in a 
range between about 7.5 X 10~ 8 to about 1 X 10" 6 gauss. 

5 [0035] By comparison, much larger electromagnetic fields are present in the environment 
from a variety of sources. The geomagnetic field is about .5 gauss, which is millions of times 
stronger than the electromagnetic fields used in the system and method described herein. 
Electromagnetic fields are commonly used in a medical imaging technique called magnetic 
resonance imaging (MRI) to image internal structures. Typical MRI fields are about 10,000 

10 gauss. Electromagnetic fields produced by power lines and household appliances are more 
than 100,000 times stronger than the fields used in the system and method described herein. 

[0036] It is believed that these sympathetic and parasympathetic effects from weak or low 
electromagnetic fields (less than about 10" 6 gauss, preferably about 10" 8 gauss to about 10" 6 

15 gauss are based upon cellular resonances with particular masses associated with particular 
cellular dimensions and the cyclotron resonance associated with lower frequencies of 
electromagnetic fields. Thus, specific electromagnetic flux densities administered at specific 
frequencies stimulate ganglia on the heart that regulate, as part of the autonomic nervous 
system, the heart rate and electrical conduction in the heart. It is believed that the relation of 

20 subatomic particles to the distances a cell border covers in space-time regulate the structural 
and functional interactions of living matter. Thus, the relationship between subatomic 
particles and the distances the cell border covers determine the appropriate electromagnetic 
flux density and frequency for regulation of structural and functional interactions in a living 
system. See U.S. Patent 5,269,746 to Dr. Jerry I. Jacobson, issued December 14, 1993. The 

25 Jacobson equation is: 

mc 2 = Blvq , 

where 

30 m = mass of a particle in a "box" or a "string;" 
B = the magnetic flux density; 
q = a unit charge of one Coulomb; 
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v = velocity of the carrier or "string" in which the particle exists, for example, the orbital or 
rotational velocity of the earth; and 
/ = length of the carrier or "string." 

5 [0037] Specifically, the particle in the carrier (also referred to herein as a "box" or "string") 
may be a particle such as an electron, photon, or proton in a cell (carrier) or a molecule 
(particle) in a biological system (carrier). More specifically, the molecule may be any 
molecule critical to a biological system. Thus, if the carrier is an organism such as a dog or a 
human, the length of the carrier is the height of the organism. Harmonic resonances may be 

10 added by using the cell (or organelle) of the organism as the carrier, and a subatomic particle 
as the target particle. 

[0038] Table 1 shows the magnetic flux density calculated for electrons and protons inside a 
cell. Thus, the length of the box is the diameter of the cell. The magnetic flux densities 
15 calculated in Table 1 (.028 - .034 jiG) are typical for subatomic particles in a cell. 

Table I 



Mass 


Inertial Velocity 

00 


Length of box 
(1) 


Magnetic Profile 
(B) 
flux density 


(E) electron 


earth rotational (ER) 
(4.6 X 10 4 cm/s) 


5.3 microns 


.034f*G 


e" 


ER 


6.37 microns 


.028/iG 


+ 

P 


star cluster (3.2 X 10 7 
cm/s) 


1.36 X 10" 3 cm 


.034/iG 



20 

[0039] Table 2 shows the calculation of the magnetic flux using the Jacobson equation for 
various molecules critical to biological systems. The resulting magnetic flux densities in 
living systems using critical molecules are similar to the magnetic flux densities for 
subatomic particles in a cell calculated in Table 1. Namely, these values are between about 
25 .028 ^iG and about .037 nG. 



Table II 



Mass 


Inertial Velocity 

M 


Length of box 
(1) 


Magnetic Profile 

(B) ! 


3,325.8 Daltons 
VIP-D-Phe-2 


solar system 
1.92 X 10 6 cm/s 


(dog) 70 cm 


.037/xG 
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vasointestinal peptide 


(SS) 








SS 


(dog) 76 cm 


.037mG 


VIP lys-l-pro-2,5 
vasointestinal peptide 


•earth orbital (EO) 
3X 10 6 cm/s 

•EO 


dog 54 cm 
dog 56 cm 


.032/iG 
.031/xG 


epinephrine 
184 daltons 


earth rotational 

(ER) 
4.6 X 10 4 cm/s 


human 
1.7Xl0 2 cm 


.0347mG 


serotonin 
(176 Da) 


ER 


human 


.032/xG 


Acetylcholine 


ER 


human 


.0334/xG | 


Tubulin Subunits 
(? and 0) 


SC 


human 


03/xG 


adenosine 


EO 


rat 
(22 cm) 


.0346mG 



[0040] The particles in this study are important, critical molecules and other particles selected 
based on their relationship to particular conditions. More specifically, the particles play a role 
5 in nerve repair, growth, and regeneration. Some examples of these important biological 
particles include nerve growth factor (NGF), homeoboxes, neurotransmitters, cytokines, 
motor proteins, and structural proteins. Some other examples include kinesine, microtubule 
associated protein (MAP), spectrin, brain specific fodrin, neurofilaments, tubulin, and 
platelet-derived growth factor (PDGF). 

10 

[0041] A critical molecule is selected, and the appropriate magnetic flux density is calculated. 
The frequency may also be calculated using the ion cyclotron resonance equation 

2nm 

15 

to determine the frequency of the externally-applied magnetic flux. Because the intensity B 
of the magnetic flux intensity was previously calculated using the Jacobson equation, the ion 
cyclotron resonance equation can be used to determine the frequency of the externally-applied 
magnetic flux. See U.S. Patent 5,269,746 to Dr. Jerry I. Jacobson, issued December 14, 1993. 

20 

[0042] It has been found that the heart rate, for example, can be slowed using a magnetic field 
in the range of about two (2) to about 3.4 picoTesla. The parasympathetic effects seem to be 
a consequence of stimulating ganglia on the heart which autonomically regulate electrical 
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conduction in the heart. Higher ranges of magnetic fields, from about zero to about one 
hundred picoTesla (100 pT), have, conversely, sympathetic effects. It is believed that 
parasympathetic and sympathetic effects are observed because inter-atomic relations as 
expressed in the Jacobson and the ion cyclotron resonance equations, regulate structural and 
functional interactions in all matter. 

[0043] The following table may be used to determine the appropriate magnetic field and 
frequency to treat any condition dependent upon critical molecules of specific molecular 
weights. The appropriate magnetic field and frequency is determined using the Jacobson 
equation and the ion cyclotron resonance equation, respectively, by selecting a target 
molecule or particle relevant to the condition and selecting the magnetic field corresponding 
to the target molecule's mass. The magnetic field (B) is calculated either in accordance with 
the earth's orbital velocity, the earth's rotational velocity, or the start cluster velocity which 
the earth is in which circles the center of the Milky Way Galaxy (v). The velocity of the 
system corresponds to a harmonic resonance for the particular system. The (L) length used is 
5'8" average human length. As would be understood by one of ordinary skill in the art, 
examples of critically important molecules relevant to cardiac patients include nerve growth 
factor (NGF), homeoboxes, neurotransmitters, cytokines, motor proteins, structural proteins, 
kinesine, microtubule associated protein (MAP), spectrin, brain specific fodrin, 
neurofilaments, tubulin, platelet derived growth factor (PDGF), and other biological 
molecules related to cardiac function. The mass of these critical or target particles is well 
known. 

TABLE 3 
Table For Humans 
(Length = 1.7 x 10 2 cm) 

Inertial 3.22x 1 0 7 cm/s star cluster (SC) 

Velocities: 2.98 x 10 6 cm/s earth orbital (EO) 

4.642 x 10 4 cm/s rotational earth (ER) 
Note: 1 dalton is an atomic mass unit (a.m.u.) symbol: n, which is conventionally assigned a 
value equal to one twelfth of an atom of the mass of the most abundant isotope of carbon, 
carbon 12. Therefore, carbon twelve is assigned an atomic mass unit, or dalton, of 12. 
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B 


(Hertz) 


taraet ms^sp^ 


iai yci iiiaooco 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.001 


0 028000001 


339 321 


18 1Q 494 


0.002 


0 055000001 


678 642 


7218 848 


0.003 


0 084000002 


1017 963 


10858 272 


0.004 


0 112000002 


1 357 284 


14477 RQR 


0.005 


0 140000030 


1 696 605 


18087 190 

I OUU / . 1 ^VJ 


0.006 


0 168000003 


20^8 Q28 


91718 544 
£ I / 1 O.OH-n 


0.007 


0 196000004 


9^75 947 


95115 Q88 
^jooj. yoo 


0.008 


0 224000004 


9714 58ft 

£.1 l*f.OOO 


OOQCC QQ9 

zoyoo.oyz 


0.009 


0 252000005 


°,05? 88Q 


19574 81 R 
OZO / 4.0 1 0 


0.010 


0 280000006 


^^Q^ 910 


oo i y*f .£j\\j 


0.011 


0 308000006 


^7^9 5°«1 
O r Ot.JO 1 


OQQ1 O 

oyo i o.oo*f 


0.012 


0 336000007 


4071 859 


*fo*f OO.UOO 


0.013 


0 640000070 


4411 17^ 


470*^9 *^19 


0.014 


0 392000008 


4750 4Q4 


50871 Q^8 

ouo / I .yoo 


0.015 


0 420000008 


508Q 815 

JUOv/.O 1 O 


549Q1 ^80 


0.016 


0 44800000Q 


549Q 1°*8 

0*+^y. I OO 


0/ y i u. / 04 


0.017 


0 478000010 


5788 457 


CM con onft 
O 1 OoU.ZUO 


0.018 


0 504000010 


8107 778 


8*^140 R^.9 

oo i*ty.ooz 


0.019 


0 53200001 1 


8447 OQQ 


oo / oy.uoo 


0.020 


0 560000011 


8788 490 


700QO yion 
f ZOO0.40U 


0.021 


0 588000012 


7195 741 




0.022 


0 618000012 


7485 089 


7Q897 ^Ofl 
r yoz r .0£.0 


0.023 


0 644000013 


7804 °.8°, 


8^948 7^9 
00Z40. r OZ 


0.024 


0 372000013 


8141 704 

O 1 HO. f U*r 


88888 178 
OOOOO. I / 0 


0.025 


0 700000014 


8481 025 


Q048R 800 
yu*too.ouu 


0.026 


0 728000015 


8822 148 


Q41 OR 940 
y4 I U0.Z4U 


0.027 


0 756000015 


Q181 887 

57 1 O 1 .DO r 


Q7794 44ft 


! 0.028 


0 854000016 


Q500 Q88 


1 HI Q79 


0.029 


0 812000016 


Q840 10Q 


107Q8^ 9QR 

iu/ yoo.^yo 


0.030 


0 840000017 


1017Q 810 


1 nftcfto 7on 

I UOOOZ. ( £\J 


0.031 


0 868000017 


10518 QR1 
i uo i o.yo i 


4 -fOOHO AAA 


0.032 


0 89600001ft 


108^8 979 


i nooZl .ooo 


0.033 


0 924000018 


1 1 1Q7 5Q1 


i n y44u.yyz 


0.034 


0 952000019 


1 1518 Q14 


IZOU0U.410 


0.035 


0 980000020 


1 1878 915 

MO/ OxOJ 


1 9887Q ft/in 
IZOOf y.o4U 


0.036 


1 008000020 


IZZ I 0.O00 


1oUiiyy.zo4 


0.037 


1 0^8000091 


1 95^4 877 


looyio.ooo 


0.038 


1 064000021 


198Q4 1Qft 

izoy4. i yo 


1 O/OOO. 1 \Z 


0.039 


1 OQ9000099 


A 1911 CIQ 

i ozoo.o iy 


A A A A C*7 CO Q 
141107.000 


0.040 


1 120000099 


1 OC70 ft/lfi 
I 00/ Z.04U 


AAA ~7~7C nen 


0.041 


1 14800009^ 


i oy iz. 1 o 1 


4 A QOnC OQA 

14ooyo.oo4 


0.042 


1 176000094 


149^1 489 


A COrH C QAQ 

\ OzU lO.oUo 


0.043 


1 204000024 


1^800 801 

i ooyu.ouo 


A CCfiOC OOO 
1 OOOOO. £OZ 


0.044 


1.232000025 


14930.124 


159254.658 


0.045 


1.260000025 


15269.445 


162874.080 


0.046 


1.288000026 


15608.766 


166493.504 


0.047 


1.316000026 


15978.087 


170112.928 


0.048 


1.344000027 


16287.408 


173732.352 


0.049 


1.372000027 


16626.729 


177351.776 
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B 


(Hertz) 


tarapt mfl^«?p^ 




(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.050 


1 400000028 


irqrr o^n 


1PHQ71 9nn 
louy/i.zuu 


0.051 




170AC 071 


104cnn C94 


0.052 


1 456000029 


17R44 RQ9 

1 1 0*H .Q«7Z 


10Q9in n4ft 


0.053 


1 484000030 


1 7QP.4 0 1 ^ 


1 Q1 ft9Q 479 


0.054 


1 512000030 


I OO^O. 004 


1QR44A AQR 


0.055 


1 640000031 


18RR9 fiG.c, 


1QQHRR ^9n 

i yyuDo.cszu 


0.056 


1 568000031 


10,001 Q7R 

I yuu l.^rD 


9n9Cp7 744 
ZUZDO/.f44 


0.057 


1 596000032 


1Q341 9Q7 

I sJOH I .Zy / 


9nROn7 1RQ 


0.058 


1 624000032 


i yoou.o 1 0 


9HQQ9R CQO 

zuyyzo.oyz 


0.059 


1 652000033 


90010 Q3Q 
zuu i y .yoy 


91oc4ft nic 


0.060 


1 880000034 


9nocn 9Rn 


91 71 cc AAC\ 
Zl / 1D0.44U 


0.061 


1 708000034 


90RQR c.P.I 


ZZU/ 04.0D4 


0.062 


1 736000035 


91037 Q09 
Z I UOr .yuz 


994/in/l 9QQ 
ZZ44U4.Z0O 


0.063 


1 76400oo35 


91 ^77 99^ 
t I 0/ / .ZZO 


99Pn90 71 O 
ZZ0UZ0. ^ 1Z 


0.064 


1 79200003R 


9171R ^44 
Z I / IO.Q44 


901C40 1fiO 


0.065 


1 820000038 


99fiRR P.RR 


ZoDZOZ.OOU 


0.066 


1 848000037 


zzoyo. 1 00 


90QOQ1 QQ/1 

zooooi .yo4 


0.067 


1 876000038 


99734 ^07 


949^ni /ino 
Z4Z0U1 .4U0 


0.068 


1 Q04nonn3R 


ZOU / 


oacz4 on QOO 
Z4b1ZU.ooZ 


0.069 


1 932000039 


90410 14Q 

zo4 io.T4y 


OAQ7Af\ OCC 

Z4yr4U.Zob 


0.070 


1 9fiooonn3Q 


907C9 A7n 

ZO/ DZ.4/ U 


ocooco con 


0.071 


1 988000040 


940Q1 7Q1 

Z4\jy i . / y i 


Zoby /y.lU4 


0.072 


2 nifinnnfi40 

£.1/ IOUVJUVJ4VJ 


94401 119 
Z4401 .1 1 Z 


ocneno coo 

ZbUoyo.oZo 


0.073 


2 044000041 


94770 40.0 
Z4f f U.400 


90/IOIT nco 
Z04Z1 f.vDZ 


0.074 


2 072000041 


oc-i nn 7C4 

zo 1 uy. / 04 


OC7Q07 Q7C 

ZOf OOf .Of 0 


0.075 


2 100000042 


nrc 

ZD44y.U/ D 


07i>i cc onn 
Z/ i4ob.oUU 


0.076 


2 12R000043 


OC7QQ one 

zo/ oo.oyo 


07C07C OO/I 

Z /OU/O.ZZ4 


0.077 


2 15roooo43 


9R1 97 7*1 7 
ZD 1 Z / . M / 


Z/ooyb.b4o 


0.078 


2 184000044 


9R4R7 OOQ 
Z040V .uoo 


9Q90 1 C n70 

ZoZolO.U/ Z 


0.079 


2 212000044 


9RftftR OCG 

zoouo.ooy 


ODCOOvl Add 

Zooyo4.4yb 


0.080 


2 240000045 


971^c Ron 
Zf I4D.OOU 


zoyooo.yzu 


0.081 


2 9Rftoono45 


9740c nm 

Zf 4O0.UIH 


ono 4 70 O A A 


0.082 


2 29R00004R 


97094 099 
Z f 0Z4.0ZZ 


OQC7QO 7CQ 

zyb/yz. /^bo 


0.083 


2 324000048 


9R1RO 040 
ZO J OO.040 


onn>i 101 no 

ouu4iz.iyz 


0.084 


2 359000047 


9pcno QR4 
Z00UZ.y04 


on/mo-i chc 
oU4Uol .bib 


0.085 


2 3rooooo9p. 


9Aft49 ODC 
ZO04Z.ZO0 


307d51 .040 


0.086 


2 40flooon4A 


9Q1P1 fine 
zyi Ol .QUO 


O -1 «< 07A A O A 

01 1Z7U.464 


0.087 


2 43fioooo4Q 


9Q^9f\ Q07 

zyozu.yz/ 


0 «i a 0 on 000 

314oo9.oo8 


0.088 


2 4R40ono4Q 


OQQCn 9>1Q 

ZyoOU.Z4i5 


0 a oc nn 0 4 0 

318509.312 


0 089 


9 40,90000^0 
z.^yzuuuuou 


on 1 on ceo 


322128.736 


0 090 


9 5900000^0 


oncoo onn 


325748.160 


0.091 


9 54ftoono5i 


OUOf O.Z1 1 


329367.584 


0.092 


9 57R000059 


01917 COO 

on / .00Z 


332987.008 


0.093 


2.604000052 


31556.853 


336606.432 


0.094 


2.632000053 


31896.174 


340225.856 


0.095 


2.660000053 


32235.495 


343845.280 


0.096 


2.688000054 


32874.816 


347464.704 


0.097 


2.716000054 


32914.137 


351084.128 


0.098 


2.744000055 


33253.458 


354703.552 
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B 

(microgauss) 


(Hertz) 


taraet masses 
in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.099 




°.°.5Q9 77Q 

OOOzJZ.. / f 57 


0CO099 Q7R 


0 100 


2 R00000056 


00009 inn 


0C1049 4nn 

o0iy4Z.4UU 


0.101 


2 ft2ft000057 


°.4971 421 

04£ f I .4Z I 


OCCCC1 Q04 
O00001 .0Z4 


0.102 


2 856000057 


°.4610 749 

040 I V/. f 4^ 


ORQ1Q1 94Q 
*30y I Ol .Z4o 


0.103 


2 88400005ft 


14Q50 06°. 
O457ov.uoo 


079pr\r\ R79 


0.104 


2 912000058 


1598Q 1ft4 


07R4On HQft 

Of o4^u.uyo 


0.105 


2 940000059 


15698 705 


OQflO^Q ^90 

oouuoy.o^u 


0.106 


2 968000059 


15Q68 096 


OQOficq 044 
OOOOOo.y44 


0.107 


2 996000060 


°.6107 147 

OOOU / .04/ 


OQ797R OCQ 
OO/ O.OOO 


0.108 


3 024000060 


18646 668 


OQnftQ7 7Q9 

oyuoy / . f 


0.109 


3 052000061 


16Q85 QftQ 


OQ4C17 91 C 

oy40 1 / 0 


0 110 

V.I Iw 


^ 080000062 


0709c 01 


OOP1 Ofi CZ.A A 

oyoioo.o4u 


0.111 


3 108000062 


17664 611 


4ni7Cft AR4 
4U1 f 0O.U04 


0.112 


3 13600006^ 


IftOOl Q59 


4fj^07R 4Qft 
4U00/0.400 


0.113 


3 164000083 


18141 971 


40ftQQ4 Q19 

4uoyy4.y i z 


0.114 


3 192000064 


18689 5Q4 


419614 0.OR 
4 I^O 1 4.000 


0.115 


3 220000064 


1Q091 Q15 

057U^ I .£7 I O 


4IR900 7fto 
4 I OZOO. / OU 


0.116 


3 248000065 


1Q161 916 


41QOCO 104 
4 iyooo. 104 


0.117 


3 276000066 


3Q700 557 


49^479 ftOft 
4^04 f z.ouo 


0.118 


3 304000066 


4001Q 878 

4UU057.0 1 O 


497HQ9 HO.9 


0.119 


3 332000067 


4017Q 1QQ 

4UO f 57, I 5757 


40071 1 4t^fi 
40Uf 1 1 .400 


0.120 


^ 160000067 


4071ft *^9H 
4Uf IO.0ZU 


/I O/IOOA oon 
4O4O0U.OOU 


0 121 


1 °.ftft00006ft 


41 AA7 Q4 1 
4 I UO/ .04 1 


4of you.oU4 


1 0 122 


°, 416000068 

0.4 I DUUUvOO 


410G7 1£59 

4 1 oy / .1 0^ 


yl A 4 CQQ TOO 

441ooy. fZo 


0.123 


°, 4440000RQ 


41 70.fi 4QO 


44o1oy. JOZ 


0.124 


1 47200006Q 


4907*\ A04 
4ZU/ O.OU4 


44o0Uo.0f O 


0.125 


1 500000070 


494m 19^ 
4Z4 1 0. I ZO 


40^4^0. UUU 


0.126 


3 528000071 


49754 44ft 
4Z / 04.440 


400U4/ .4^4 


0.127 


3 556000071 


410Q1 767 
40VjyO. (Of 


4C%QRfifi QAQ 

4oyooo.o4o 


0.128 


3 584000072 


404.00 nftft 

40400.U00 


ylC09Qft 970 
400^00.^/^ 


0.129 


3 612000072 


41779 40Q 

40 1 f ^.4uy 


4ooyuo.oyo 


0.130 


3 640000073 


441 1 1 710 
44 III./ ou 


47fi*\9R inn 
4 f UOZO. 1UU 


0.131 


3 66800007°. 


44451 0*\1 
4440 I .UOl 


/I 7/1 1/1/1 C/l /I 

4/4144.044 


0.132 


1 6Q6000074 

0.0570UUUU/ 4 


447QH 070 
44/ yU.O/ ^ 


/1777CO nco 

4 / / / oo.yoo 


0.133 


3 724000074 


4519Q fiQI 

40 izy.oyo 


vlQ-IOQO OOO 

4ol0o0.0y^ 


0.134 


3 752000076 


4R4RQ 014 
404057. U 1 4 


4ooUU^.olo 


0.135 


3 780000076 

O. f OUUUUU / O 


4Cpnft ooc 
40OU0.000 


4ooozz.z4U 


0.136 


°. 808000076 


4fi147 fico 
40 14/ .00o 


/IOOO/H Mil 

4y^^41 .oo4 


0.137 


°. Q°.6000077 


4ft4ftft Q77 
40400. y/ / 


4yoooi .Uoo 


0.138 


°, 864000077 


4ftft9fi 9QQ 

4oozo.^yo 


/inn/ion c*io 

499480.512 


0.139 


°. 8Q200007R 


4/ loo.oiy 


o0o09.93o 


0.140 


1 Q2000007R 


47cr»4 Q4n 
4/ 0U4.y4U 


OUO/ 19.000 


0.141 


1 Q4800007Q 


47044 Oft 4 
4/O44.Z01 


olUooo.7o4 


0.142 


3.976000080 


48183.582 


513958.208 


0.143 


4.004000080 


48522.903 


517577.632 


0.144 


4.032000081 


48862.224 


521197.056 


0.145 


4.060000810 


49201.545 


524816.480 


0.146 


4.088000082 


49540.866 


528435.904 


0.147 


4.116000082 


49880.187 


532055.328 
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B 




iar gei masses 


largei masses 


(microgauss) 




in fdaltons) 


in frialton^ 

III y vJ Q 1 WJ\ IO f 


FIELD 


FREQUENCY 


EO 


sc 

WW 




4. I4^UUUUOO 


cftOH q cno 

oUzly.oOo 


rOCC7il 7co 

535674.752 




4. I ( zuuuuoo 


ouobo.ozy 


cononvt <i7c 
539294.176 


U. 1 OU 


a onnnnnnQ/i 
4.ZUUUUUU04 


caqqq 4 cn 

oUoyo.loO 


542913.600 


0, 1^1 
U. I O I 


4.ZZ0UUUU0C) 


007 >! 7<1 

olzo7.471 


c a con r\ 0 >i 

546/33.024 


U. I OZ 


a o^onnnnoK 
4.ZO0UUUU00 


51576.792 


550152.448 


n. 1*^ 

U. I OO 


a oq>i nnnnoc 
4.^o4UUUUob 


OI9IO.IIO 


553771.872 


U. 1 04 


4.olzUUUUob 


52255.434 


557391.296 


U. I oo 


4.o4UUUUUoY 


52594.755 


561010.720 


U. 1 OO 


4.OO0UUUU0Y 


O29o4.07o 


rt/IPOA AAA 

564630.144 




4.oyouuuuoo 


CQ070 007 
Oo27o.o97 


C^Q^S ACS. Ct^O 

568249.568 


n 1 Rft 
U. I oo 


4.4Z4UUUUOO 


C0040 740 

53812.718 


cy a o^*o A/\rt 

571868.992 


u. i oy 


4.4ozuuuuoy 


53952.039 


575488.416 


n. iro 

U. I OU 


4.4ouuuuuyu 


cyion<i ocr\ 
54291 .360 


C7A4 A^ Q 1 A 

579107.840 


U. I D I 


4.ououuuuyu 


54630.681 


582727.264 




a RQcnnnnoi 

4.ooouuuuyi 


54970.002 


586346.688 


U. I DO 


4.004UUUUyi 


oooU9.o2o 


589966.1 12 


O. 1 O** 


4.oyzuuuuyz 


O004o.o44 


■ coocor roe 

593585.536 


n ice 


4.ozuuuuuyz 


O09o7.96o 


597204.960 


V/. 1 oo 


4.O40UUUUy0 


oooZf .2ob 


CAAOOil OOvl 

600824.384 


v. iOr 


4.o/ouuuuy4 


cccqc cn7 
obbob.oU7 


cn>iji jio 000 

604443.808 


U. I oo 


4. ( U4UUUUy4 


o/UUo.y2o 


CAOAM OOO 

608063.232 


U. I 057 


a 7Q>onnnnoc 1 
4. ( ozuuuuyo 


57345.249 


C «l <ICOO OCO 

611682.858 


0, 17fl 


a 7P*nnnnnoc 

4./ouuuuuyo 


57684.570 


615302.080 


n 171 


a 7Q.ftnnnnoc 

4./oouuuuyo 


58023.891 


618921.504 


n 1 79 


4.oloUUUUyb 


58363.212 


622540.928 


n 1 7^ 

U. I ( o 


A Q.A A(\C\r\(\CY7 

4.o44UUUUy/ 


C07A0 COO 

58702.533 


628160.352 


n 17A 

U. I f 4 


4.oYzUUUl)yY 


CC\f\ A A OCA 

59041.854 


629779.776 


n 17o 
u. I #o 


a onnnnnnoo. 

4.yuuuuuuyo 


59381 .175 


633399.200 


n 17R 

U. I to 


a QOQnnnnon 

4.yzouuuuyy 


59720.496 


637018.624 


o 1 77 


/i Qccnnnnnn 
4.oooUUUUyy 


60059.817 


640838.048 


n 17ft 


a QQ/i nnn-inn 
4.yo4UUUlUU 


60399.138 


644257.472 


n 17Q 

VJ. I / y 


O.U1ZUUU1UU 


60738.459 


647876.896 


U. I ou 


0.U4UUUU1U1 


c» a -70A 

61077.780 


651496.320 


U. IO I 


o.uoouuu iin 


C 4 A A ~7 A r\ A 

61417.101 


A ^ ^ At a§ ^ ^9 A A 

655115.744 


V. I oz 


*^ nocnnnino 

o.uyouuuiuz 


Pi 7C^ A OO 

61756.422 


658735.168 


U. I oo 


r i O/i nnn -i no 
O.TZ4UUU1UZ 


62095.743 


AAA^A^ J ^AA 

662354.592 


U. I O't 


p ■it^onnn'inQ 
O.loZUUUIUo 


62435.064 


665974.016 


n i«r 

U. I oo 


O.loUUUU lU4 


C077jI OOC 

52774.385 


669593.440 


U. 1 oo 


O.ZUOUUU1U4 


C O i<40 *TOC 

63113.706 


763212.864 


n ift7 


O.ZooUUUlUo 


63453.027 


A^AAAA AAA 

676832.288 


U. I oo 


*^ OR/i nnn -inc 
0.Z04UUU1U0 


63792.348 


680451.712 


n irq 


*n ooonnn-inc 
o.zyzuuuiuo 


64131 .669 


684071.136 


0 1QH 

u. i yu 


O.ozUUUUlUo 


64470.99 


687690.560 


0.191 


5.348000107 


64810.311 


691309 984 


0.192 


5.376000108 


65149.532 


694929.408 


0.193 


5.404000108 


65488.953 


698548.832 


0.194 


5.432000109 


65828.274 


702168.256 


0.195 


5.460000109 


66167.595 


705787.680 


0.196 


5.488000110 


66506.916 


709407.104 
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B 


(Hertz) 


turn of m occoc 
tdiyei iiidbbcS 


largei masses 


(microgauss) 




in (daltons) 


in ^daltons) 


FIELD 


FREQUENCY 


EO 


sc 


0.197 


5 516000110 

O.O 1 UvUU 1 IU 


ccp^c 007 
00O40.ZO/ 


7-1 *5noc COQ 


0 198 


5 5440001 1 1 

<J.v/*T*TV/UU 1 1 1 


0710c ceo 
Of lOD.OOO 


71 ft A/1 C QCO 


0 199 


5 5720001 1 1 

<J.U / Z.UUU I I 1 


C7C04 07Q 

Of 0^4. or y 


70AOCC 07C 


0 200 


5 6000001 12 

vJ.UUUUUU I \£. 


D/OD4.ZUU 


700QQ/1 QAA 

^zooo4.0UU 


0.201 


5 6280001 13 


OOZUo.OZl 


707CA/1 OO/I 


0 20? 


c R^finoni 17 


COCAO Q.A1 


70 «1 H OO C A O 

731 123.648 


0 203 

\J .£-\JO 


5 6ft4nnni 14 


CQQQO ICQ 

OOOOil.lDO 


744743.072 


0 204 




Dyzzl.4o4 


7.8362.496 


0 205 


5 74.oonni 1 5 


RO^Art one 


7/1 H OO -4 rtOA 

741981 .920 


0 206 


5 7680001 15 

O. 1 OOUUU 1 1 \J 


cQonn loft 


7/1 CO AH O >l A 

745801 .344 


0 207 


5 7Q60001 1R 

vJ. 1 yOUUU 1 1 D 


7HOQO AA7 


7>lAOOA 700 

749^^0.768 


0 208 


5 ft94nnni ip. 


/UO/O./Do 


7COO Af\ 4no 

752840.192 


0 209 


5 8520001 17 


f uyio.uoy 


75b459.o1o 


0 210 


O.OOUUUU I I o 


/ 1Z0^.41U 


760079.040 


0 211 


5 Q080001 1ft 


71 CQC 7'3'l 


700000 AC A 

7boo98.464 


0 212 


5 Q360001 1Q 


f lyoo.uoz 


7070H7 OOO 

/b7o17.888 


0.213 


5 Q640001 1Q 

O.yOHUUU i iy 


7007c 070 
(£.£.(0.0(0 


77AQQ7 OHO 

/YU9o7.o12 


0.214 


5 QQ900019H 


Ty&AA CO/1 


~F~7AC.CC 700 

774556.738 


0 215 


6 09onnni9fi 

U.UZ.UUUU I £\J 


70QC/1 rue 


770H70 ACCi 

778178.160 


0.216 


6 048000191 

U.U*tOUUU I 1 


/ ozyo.ooo 


70 H 7AC CO/1 

781795.584 


0.217 


6 076000199 


77ftQO RC7 


7QC/1 H C AAO 
/OD41 0.008 


0 218 

V • Cm | U 


6 104000199 


70.Q71 Q7Q 

/ oy f 1 .y ( 0 


70ono A >IOO 

789034.432 


0 219 


6 I390nni9^ 


7/1011 OOO 

/*fo 1 \ .Zyy 


492653.856 


0.220 


6 160000193 

U. 1 UUUUU 1 


7/1 ccn con 
( 400U.DZU 


7A0070 OOft 

796372.280 


0 221 


6 1 BROOD 194 

D. 1 OOUUU 1 £J\ 


7/1 QQQ O/l 1 

/4yoy.y41 


799892.704 


0 222 


6 91R0nni9A 
O.^ I DUUU IZ4 


7COOQ OCO 


803512.128 


0 223 


6 944nnni9R 


7CQQQ CQO 

( OOOO. DOO 


Qf\~TACA Fro 

807161.552 


0 224 


6 979nnni9*^ 

O.^r ZUUU I £0 


r buu/.yU4 


810750.976 


0 225 


6 30000D19P. 
O.OUUUUU I *C0 


7C0/17 00c 

(OOH( .CtiO 


814370.400 


0 226 


6 39P.flfifi197 
O.OZOUUU IZ / 


/ Dbob.b4b 


817989.824 


0 227 


D.oODUUU IZ/ 


77AOC QCTT 


821609.248 


0 228 


6 3A4nnni9ft 

0.004UUU IZO 


771CK H OO 


825228.672 


0 229 


6 4i9nnni9ft 

D.*f I ZUUU I -CO 


777nyl cr»o 

/ / f u4.ouy 


OOOO A O Ort^» 

828848.096 


0 230 


6 44000.0.190 

o.*f*fuuuu i^y 


f oU4o.ooU 


000>P7 COO 

832467.520 


0.231 


6 4Rftnnn 19Q 


( oooo.lol 


OOCrtOff OH A 

836086.944 


0 232 


6 4Qfifififi1 °.o 
o.*f y ouuu i ou 


70700 /I 70 


839706.368 


0 233 


O.D^4UUU lOVJ 


0*70 


843325.792 


0 234 


c ecoooni^i 


/y4U 1 .1 14 


846945.206 


0 235 


R cooooni qo 


79740.435 


*-% r— f~\ r~ /*> A f~\ A t~\ 

850564.640 


0 236 


f\ Aopnooioo 
o.ououuui oz 


80079.756 


*-\ /~\ A\ A\ t\ A r\ /~S A 

864184.064 


0 237 


R ro.caaah 


0041 9.077 


857803.488 


0 238 


0.004 UUU 1 oo 


QA7CO 0 no 

oUY oo.oyo 


831422.912 


0 239 




Q4 AQ7 7-1 A 

oiuy/^.7iy 


865042.336 


0.240 


6.720000134 


81437.040 


868661.760 


0.241 


6.748000135 


81776.361 


872281.184 


0.242 


6.776000136 


82115.882 


875900.608 


0.243 


6.804000136 


82455.003 


879520.032 


0.244 


6.832000137 


82791.324 


883139.456 


0.245 


6.860000137 


93133.645 


886759.880 
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B 


(Hertz) 


target masses 


taraet masses 

vw>ywfc IIIWWWWW 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


j FREQUENCY 


EO 


SC 


0.246 


6.888000138 


83472 966 

wv T f £..WWW 


890378 304 

wwwwr w.ww"t 


0.247 


6.916000138 


83812 287 


893997 728 

UwWwwf . \ L-\J 


0.248 


6.944000139 


84151 608 

w T 1 W 1 .WWW 


897617 152 

WW f W 1 f . 1 \J£m 


0.249 


6.972000139 


84490 929 


901236 576 

WW IfcWW.Wf w 


0.250 


7.000000140 


84830 250 

\^Tw WW WW 


904856 


0.251 


7.028000141 


95169 571 


908475 424 


0.252 


7.055000141 


85508 892 

WW WWW 1 » W^ Wfv 


912094 848 

W 1 fcWW^.W^W 


0.253 


7.084000142 


85848 213 


915714 272 

W 1 W f 1 *T.£. 1 £. 


0.254 


7.112000142 


86187 534 

WW lUf . W 


w Iwwww.UwU 


0.255 


7 140000143 

• ■ » TWWWW • T \J 


86526 855 

WWWfcW. www 


922953 120 


0.256 


7.168000143 


86866 1 76 

WWWWW. 1 f w 


926572 544 


0.257 


7.196000144 


87205 497 

wf ^WW.^wf 


Q^01Q1 Qfift 

www 1 w 1 . wOO 


0.258 


7.224000144 


87544 818 

W • W 1 1 . W 1 w 


933811 ^Q2 

wwwU 1 1 . ww£. 


0.259 


7.252000145 


87884 139 

W I WW~ • 1 WW 


937430 81 fi 

WW f "TWW.O 1 w 


0.260 


7.280000146 


88223 460 

w WfcfcW .~ ww 


941050 240 

W*T 1 UJl/.ttU 


0.261 


7.308000146 


88562 791 

WWWWb.I W 1 


944668 664 


0.262 


7.336000147 


88902 102 

WWWWfc. 1 


948289 088 


0.263 


7.364000147 


89241 423 


951908 512 

w<J 1 wU<J.v> 1 C 


0.264 


7.392000148 


89580 744 

WWWWW. 1 f I 


955527 Q3R 

JJJJtl .www 


0.265 


7.420000148 


89920 065 

WWW^W .www 


Q5Q147 ^RO 

wvJw l*tl .OUw 


0.266 


7.448000149 


90259 386 

ww^Ww . JUv 


Q597RR 7R4 


0.267 


7.476000150 


90598 707 

WW Www. 1 \J 1 


Qfifi^ftfi 9Hft 


0.268 


7 504000150 


90938 02R 

wWw WW. w^U 


Q7nnn5 r^9 


0.269 


7.532000151 


91277 349 

w 1 1 i .W~w 


Q7^r? n5fi 

w f OOl.UJU 


0.270 


7.560000151 


91616 670 

w IW IW.Wf W 


Q77944 4R0 


0.271 


7.588000152 


91955 991 

W 1 WWW. WW 1 


980863 904 

SUvOUu. ww*t 


0.272 


7.616000152 


92295 312 

vte^WW.W 1 £— 


984483 328 

SUTtUw. W&.W 


0.273 


7.644000153 


92634 633 

W b W w~ .www 


9RR102 75? 

WUL> 1 Ul. / 


0.274 


7.672000153 


92973 954 

W£.Wf W.WW^ 


991 722 17R 

ww I f t.^.. I r u 


0.275 


7.700000154 


93313 275 

WWW 1 W . £- 1 w 


995^41 Rnn 

wwWW*T I .UUU 


0.276 


7.728000155 


93652 596 

WW Uv^C . WWW 


998QR1 094 

wwQwvJ 1 .Utf 


0.277 


7.756000155 


93991 917 

WW WW 1 . W 1 f 


mn95RH 44ft 


0.278 


7.784000156 


94331 238 

W*TWW 1 XJU 


mnRIQQ ft79 


0.279 


7.812000156 


94670 559 

StUi W.WvJw 


mOQftlQ 9QR 


0.280 


7.840000157 


95009 880 

WWWWW .www 


10134^ft 790 


0.281 


7.868000157 

■ ■ WW W ■ W § 


95349 201 

WWW"TW.^W 1 


10 1705ft 144 


0.282 


7 896000158 

» .WWWWWW 1 \m/ KJ 


956RR 599 


1H90R77 RGft 


0.283 


7 924000158 


96027 R4^ 


1H949QR QQ9 


0.284 


7 952000159 


96367 164 

wUWw » . 1 \J*r 


1097Q1R 41ft 


0.285 


7 980000160 

1 ' VVV VU V 1 WW 


96706 4R5 


IUO IOOO.OhU 


j 0.286 


8 008000160 

w . Vvv WW 1 WW 


w/ UtJ.OwO 




0.287 


8 036000161 

v.VWWWWW IW 1 


Q7^ft5 197 

w f OOJ. 1 Z / 


m^ft77A ftftft 


0.288 


8 064000161 

W^WW * W W W 1 W 1 


97724 448 

wi f tt.HtO 


m49^Q4 119 


0.289 


8.092000162 


98063.769 


1046013.536 


0.290 


8.120000162 


98403.090 


1049632.960 


0.291 


8.148000163 


98742.411 


1053252.384 


0.292 


8.176000164 


99081.732 


1056871.808 


0.293 


8.204000164 


99421.053 


1060491.232 


0.294 


8.232000165 


99760.374 


1064110.656 
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R 


^neriz^ 


larget masses 


largei masses 


(microgauss) 




in fdaltons) 

111 yuciii\jiioy 


in frlaltnnO 


FIELD 


FREQUENCY 


EO 


sc 1 

WW 


n 9qr 

U.^yo 


O.ZOUUUUlOO 


luuuyy.oyo 


< inc77on non 
1Ub//oU.Uo0 


n 9Qfi 


ft 9ftftnnniP.Q 
o.zoouuuioo 


4 nr*/i on rue 
lUU4oy.UJO 


in7io>m cnx 
1U/lo4y.oU4 


0 9Q7 


O.OIOUUUIOO 


H nn77Q H7 

TUUf (0.061 


dn7onco noo 
lU/2ybo.y2o 




ft ^AAnnn 1R7 

O.044UUU10/ 


1U1 n / .000 


in7QCQO OCO 

1U /0000.002 


0 9QQ 


ft Q79nnnic7 
O.Of ZUUUlOf 


lU14ob.y r y 


4 nOOOA"7 77C 

1U82207.776 


n °.nn 


0.4UUUUU1O0 


1 rM 70c inn 

1U1 ^yb.oUU 


"1AQCQ07 onn 

1Uooo27.2UU 


n °.m 


ft A9ftnnnico 
o.4^ouuu ioy 


luzioo.o^i 


-inDQylilC CO/I 

1Uoy44b.b24 


n °.n9 
u.ouz 


o.4oouuu ioy 


lU^4f4.y4z 


<innoAcc A/in 

1093066.048 


n °,n°. 


0.404UUU1 ( U 


lU^ol4.ZOO 


1096685.472 


u.ou4 


ft ci9nn^7n 
0.0 1ZUUU1 /U 


lUo I00.004 


4 *<nnon>i one 

1 100304.896 


u.ouo 


ft fi/innnn.i 74 
0.O4UUUU1 (\ 


ino/iQO one 

iUo4yz.yuo 


h 4 nono a oon 

1103924.320 


n. °.nfi 
u.ouo 


ft ^fionnrM 7i 
O.OOOUUU1 1\ 


•inoooo 00c 


«14n7C>IO Til A 

1 107543.744 


U.OU/ 


o.oyouuui 


1U4 171.047 


4 4 4 4 4 CO 4 CO 

111 1 163.168 


n °.nft 

U.OUO 


0.0Z4UUUiy^ 


4 f\A c^n QCQ 

lU4olU.obo 


444 d7on cno 

1114782.592 


u.ouy 


O.OOZUUU1 / 0 


i n>i ocn <i on 
lU4oou.1oy 


4 4 a Ovino nnc 

1 1 18402.016 


U.O I u 


ft fiftnnnm 7A 

O.OOUUUU1 /4 


4 nc 4 on cz4 n 

1UO loy.oiu 


H-ioono* A A (~\ 

1 122021.440 


n 1 

U.O I I 


ft 7fiftnnni74 

O. / UOUUU1 / 4 


in^coQ qoi 
lUoozo.ool 


1 125640.864 


n. °,19 

U.O IZ 


ft ftocnnrn 7c 
O.OOOUUU1 / 0 


lUoobo.lo^ 


4 a onocn 000 

1129260.288 


U.O IO 


ft 7£>4 nnrM 7 c; 
0./ 04UUU1 / 0 


mCOn7 yl70 

TUbiiU^ .47o 


4 «l 0007A 74 O 

1 132879.712 


U.O 14 


o./y^UUUl /o 


10o54o.794 


1 136499.136 


U.O ID 


ft ftorinnrn 7c 
O.O^UUUUI /O 


lUboob.no 


4 4 A f\ 4 4 Q EHf\ 

1 1401 18.560 


U.O Id 


o.o4oUUUl / f 


10722o.4oo 


4 4 jl 0*707 no il 

1 143737.984 


U.O I / 


q Q7cnnn4 7o 
O.o^OUUUI fo 


1u7ob4.7o7 


1 147357.408 


n. ^ift 

U.O IO 


q or\/i r\r\rn 7Q 
0.yU4UUU1 fo 


107904.078 


4 4 CrtA7ff OOO 

1150976.832 


u.o iy 


ft ooonnn-ivn. 
o.yo^uuui /y 


•inQo>io onn 
108243. 399 


4 4 C A Cf\d OCC 

1154596.256 


n. °,9n. 
u.ozu 


ft ofinnnf"M7Q 
o.youuuun /y 


4nocQO 7on 
1U0002.720 


«i "4 coo^ c eon 

1 158215.680 


U.OZ I 


ft QftQnfifMQn 

o.yoouuuiou 


4 noooo r\A 4 
lUoy22.041 


1161835.104 


n ^99 


q n 1 ftnnn i on. 
y.uiouuuiou 


1Uy2bl .Ob2 


44CCACA COO 

1165454.528 


U.oZo 


o c\aa nnni 
y.U44UUU 1 01 


^nenn coo 
iUybU0.bo3 


4 4 CAA70 nco 

1169073.952 


U.0^4 


y.U/ «:UUU101 


4 non/in nn>i 

iuyy4u.u04 


4 H TOCO O O ~7C 

1 172693.376 


u.ozo 


y.iuuuuuioz 


4 <ino7n 00c 

1 10279.325 


4 «l *TCO 4 O OOO 

1176312.800 


n °.9fi 
u.ozo 


y. i^OUUUloo 


4 4 r\C4 o a ac 
1 IUOIO.b4b 


4 4 7AA OO OO 4 

1 179932.224 


n ^97 

U.OZr 


q ■ic.cnnn^o 
y.i ObUUUloo 


1 10957.967 


4 <4 OOC c <i ^ in 

1183551.648 


n °.9ft 
u.o^o 


y. I04UUU1O4 


444 on7 ooo 
1 1 12y7.2o8 


A A C\—I A -J* OTO 

1 187171.072 


n °,9Q 


q 9i9nnrMft/i 
y.z izuuu 1 04 


a a 4 coc enn 

1 1 1 bob. buy 


a a 00*700 Ac\r? 

1 190790.496 


n ^°.n 
u.oou 


y.z4uuuuioo 


«^ o7c non 
1 1 1975.930 


4 4 (*\ A A OO OOO 

1194409.920 


U.OO I 


y.^oouuuioo 


4 4 OO 4 C OC 4 

1 12315.251 


■4 <4 OOOOn A i i 

1198029.344 


n ^79 
u.ooz 


y.^youuuioo 


1 12654.572 


1201648.768 


C\ 111 

u.ooo 


y.o^4uuuioo 


1 12993.893 


<4 0oro/*f*i j 

1205268.192 


U.004 


9.OO2000187 


113333.214 


1208887.616 


n ooc 

U.OOO 


9.OOOOOOIOO 


113672.535 


1212507.040 


u.ooo 


y.4Uo00uloo 


1 14011.856 


1216126.464 


n O.Q7 
U.OOf 


y.4obUUU1oy 


AAA O C 4 <4 -7 -T 

1 14351.177 


1219745.888 


0.338 


9.464000189 


114890.498 


1223365 312 


0.339 


9.492000190 


115029.819 


1226984.736 


0.340 


9.520000190 


115369.140 


1230604.160 


0.341 


9.548000191 


115705.461 


1234223.584 


0.342 


8.576000192 


116047.782 


1237843.008 


0.343 


9.604000192 


116387.103 


1241462.432 
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B 


(Hertz) 


target masses 


taraet masses 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.344 


9 632000193 


116726 424 

1 1 U f LU.tLt 


1245081 856 

1 LtOUU 1 ,uou 


0.345 


9 680000193 

^.\jy^UUU 1 


1 17065 745 


1248701 280 
i l*+o i yj i xuu 


0.346 


9 688000194 


117405 086 

1 1 / tUJ.UUU 


1252320 704 

1 lOLOLU. i u*t 


0.347 


9 716000194 


1 1 7744 387 

lift Tt.UU I 


1255940 128 

ILUOu*+U. 1 LU 


0.348 


9 744000195 

U . 1 TTUUU I UU 


118083 708 

1 1 UUUJ. f UU 


1259559 552 

1 lOjJOO.OOl 


0.349 


9 772000195 


1 1 8423 029 


1263178 976 

1 LOO 1 f U.U / U 


0.350 


9 800000196 


1 1 8762 350 

1 IU( U4.JJU 


1 266798 400 

1 LOO 1 OU.tUU 


0.351 


9 828000197 


119101 671 


1270417 824 

1 L i O" 1 f . UL" 


0.352 


9 858000197 


119440 992 

1 1 U^"U - U UL 


1274037 248 

1 L f tUO I ,LtU 


0.353 


9 884000198 

O .UUtUUU 1 UU 


1 19780 313 

1 1 O f UU.J 1 u 


1277656 672 
iLf ruou.ui l 


0.354 


9 912000198 

O . U 1 CUUU 1 3U 


120119 634 

ILU 1 IJ.UUt 


1281276 096 

i lo i L r u.ouO 


0.355 


9 940000199 

5.?tVUUU 1 UU 


120458 955 


1 2848Q5 590 

I lOH-OuO.olU 


0.356 


9 968000199 

U. JWUUU 1 UU 


120798 276 

1 LU I C/O . L I U 


1288514 944 

ILUUO It.JJtt 


0.357 


9 996000200 


121 137 597 
1 l 1 i ji .J9 f 


1292134 368 

1 L UL lOt.OUU 


0.358 


1 0 024000200 


121476 918 

1 L 1 *T » U .U I (J 


1295759 792 

1 LOO f O U ■ 1 UL 


0.359 


1 0 052000200 


121816 239 

1 L IO lU.LO^ 


1299373 216 

1 L UUU 1 O.L 1 U 


0.360 


10 080000200 


122155 560 

1 LL 1 WW ■ l/WW 


1302992 640 

1 OOLUUL. O^U 


0.361 


10 108000200 


122494 881 


1306612 064 

1 OUOU IL.UU^ 


0.362 


10 138000200 


122834 202 

• r r w W t ■ L \J L 


1310231 488 

■ U 1 ULU 1 .~UU 


0.363 


10 164000200 

1 w. 1 V~ \J \J \J L \J\J 


123173 523 

1 LJ 1 / u.ulu 


1313850 912 

IO IOOOU.U IL 


0.364 


10 192000200 

1 U. 1 SLUUULUU 


123512 844 

1 LOO It.Utt 


1317470 336 

1 O 1 1 *T 1 u.oou 


0.365 


1 0 220000200 

1 U .fcfaUUUU LUU 


123852 165 


1321089 760 

1 OL 1 UUU. f UU 


0 366 


1 0 248000200 

1 U.LtUUUULUU 


124191 486 

1 L*t 1 u 1 .tWU 


139470Q 184 

1 OL*+ f U3. IOH 


0 367 


10 276000210 

I Uxl UUUUL 1 u 


124530 807 


1398328 608 

I OlOOLO.OuO 


0 368 


10 304000210 

IU.OUHUUU4 IU 


124870 128 

i Ltu i u . i lo 


1331948 032 

I OO i OtU.UOL 


0 369 
u.oou 


10 332000210 

Iv.JUlUUUl IU 


125209 449 


1 335567 456 

lOUOOUf .*TOU 


0 370 
u.o i \j 


10 360000210 

1 U. JUUUUUt IU 


1 25548 770 

1 LJUtU. 1 I u 


1339186 880 

1 OOU 1 uu.uuu 


0 371 
u.o § i 


10 388000210 

1 U.OUUUUUt 1 u 


125888 091 


1 342806 304 

1 OtLUUU.OUt 


0 372 

U • U f L 


10 416000210 

lU.t 1 UUUUl 1 u 


126227 412 

1 LULL 1 .*t 1 L 


1 346425 728 

1 OtUtLO, / LU 


0 373 
u .u i \j 


10 444000210 

1 U.tttUUUt 1 u 


126566 733 


1650045 152 

1 UOUUtO. 1 OL 


0.374 


10 472000210 


126906 054 

1 LU^UU.UJt 


1 353664 576 

1 OOOUUt.O f o 


0 375 

U.O i O 


10 500000210 

IU.JUUUUUL IU 


127245 375 

1 <•( fctU.Ul o 


1357284 000 

| lOOILUt.UUU 


0 376 

U.O / U 


10 528000210 

IU.JlUUUUL IU 


127584 696 


1 360903 424 

1 OUUOUO.tLt 


0 377 

U.O f f 


10 558000210 

1 U. JUUUUUL IU 


127924 017 

1 L 1 UL*T.U 1 / 


1 364522 848 


0.378 


10 584000210 

1 U.UUrUUUfa 1 U 


128263 338 


1368142 272 

1 OUU ItL.Lf L 


0 379 

U.O I U 


10 612000210 

1 U.U 1 LUUUt 1 u 


128602 659 

1 luuul ,UOj 


1371761 696 
i o / i r u i . uu u 


0 380 
u.ouu 


10 640000210 

1 U.UtUUUUL 1 u 


128941 980 

1 L03H 1 


1375381 120 

1 O f OOU 1 . 1 LU 


0.381 


10 66800021 

IUiUUUUUUL 1 


129281 301 

1 LULU 1 .OU 1 


1379000 544 

1 O I UUUU.U*T*T 


0 382 

U.JUL 


10 969000210 

1 U.JUJUUUt IU 


129620 622 

i luulu.ull 


1382619 968 

I OOLO I U.UUU 


0 383 


10 724000210 

1 U . 1 ttUUUt 1 u 


1 29959 943 


1 386239 399 


0 384 


10 752000220 

1 U. f UCUUULLU 


130299 264 

1 OULOOX U*T 


1389858 815 

lOouOOO.O 1 o 


0 385 


10 780000220 

1 U. f UUUUUttU 


130638 585 
1 ouuou.ouo 


1 3Q347R 940 

1 OwOH / O.lHu 


0 386 

u.ouu 


10 808000220 

1 U.UUUUUUtLU 


130977 906 

1 OUv7f f .OUU 


1 3Q70Q7 664 

1 Uu f Uu 1 .UU*T 


0.387 


10.838000220 


131317.227 


1400717.088 


0.388 


10.864000220 


131656.548 


1404336.512 


0.389 


10.892000220 


131995.869 


1407955.936 


0.390 


10.920000220 


132335.190 


1411575.360 


0.391 


10.948000220 


132674.511 


1415194.784 


0.392 


10.976000220 


133013.832 


1418814.208 
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B 


(Hertz) 


target masses 


taraet masses 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


sc 


0.393 


11.004000220 


133353 153 


1422433 632 

1 ■TfcfcTw. WW«. 


0.394 


1 1 .032000220 


133682 474 

1 WU U Wfc .~ 1 *T 


1426053 058 


0.395 


1 1 .060000220 


134031 795 

1 WT W W 1,1 WW 


1429672 480 


0.396 


1 1 088000220 


134371 116 

1 WTW 1 I.I 1 \J 


14332Q1 Q04 


0.397 


11 116000220 

11*11 \J w V/ w ^ £p \S 


134710 437 

1 W*T f 1 UitJ 1 


14?fiQ11 ^98 


0.398 


11.144000220 


135049 758 

1 WWUTU . 1 WW 


14405^0 789 


0.399 


11 172000220 


135389 079 


1444150 178 


0.400 


1 1 200000220 


135728 400 


144778Q 800 


0.401 


1 1 228000220 

1 ■ to\^WWvtotoW 


136067 721 


1451^80 094 

IHw IwOw.U^H 


0.402 


1 1 256000230 

■ l •to%^Ww WW^bWW 


1 36407 042 

1 \J\J~\J 1 • WTfc 


1455008 448 


0.403 


11.274000230 


1 36746 363 

I WW I ~ W . W WO 


1458897 879 


0.404 


11 312000230 


1 37085 684 


1489947 9Q8 


0.405 


11.340002300 


137425 005 

1 W f T4J.WVW 


1465886 790 


0.406 


1 1 .368000230 


137764 326 

1 W # 1 W ■ . W fc w 


146Q48R 144 


0.407 


11.396000230 


138103 647 

1 WVJ 1 U \J . W T f 


147^105 568 

1 *t f \J IUJ.JUO 


0.408 


1 1 .424000230 


1 38442 968 


1476794 QQ9 


0.409 


11.452000230 


138782 289 

1 WW 1 Wfc.fcWW 


1480344 416 

1 *TWWW*T*T.*T 1 W 


0.410 


11.480000230 


139121 610 

1 WU Ifc 1 • W I \J 


1483963 840 


0.411 


11.508000230 


139460 931 


1487583 264 


0.412 


11.536000230 


139800 252 

1 WW WW .fc Wfc 


14Q1909 688 


0.413 


11.564000230 


140139 573 

1 ~W IWW.Wf w 


1494899 119 


0.414 


1 1 .692000230 


140478 894 

1 t W~ f w.ww~ 


1498441 5^6 


0.415 


1 1 620000230 


170818 215 


1 509080 Q80 

I OUfc.www.wwVJ 


0.416 


1 1 648000230 


141157 536 

It 1 1 w f .www 


1 505880 ^84 


0.417 


1 1 676000230 


1414Q6 857 


1 50Q9QQ 808 


0.418 


11 704000230 


141836 178 

1 "T 1 WWW. 1 f U 


1 519Q1Q 9^9 


0.419 


1 1 732000230 


142175 4QQ 

1 *tt 1 f W\*TWW 


1 5185^8 858 


0.420 


1 1 760000240 


142514 820 


1 5901 58 080 


0.421 


1 1 788000240 


142854 141 


1 59^777 50/1 
1 3fcO f f r .OUf 


0.422 


11 816000240 


143193 462 

1 *TW 1 SO.tUfa 


1 597^08 Q98 


0.423 


1 1 844000240 


143532 783 

l*TWWWfc.l <J w 


1 5^1018 ^59 

1 JO 1 U 1 O.OjZ 


, 0.424 


1 1 872000240 


143872 104 

l tww i fc. 1 \J*f 


15^48^5 778 


0.425 


1 1 900000240 


144211 425 


1 5^8955 900 


i 0.426 


1 1 928000240 


144*550 746 


I w*f I O i *f .DZ*f 


0.427 


1 1 956000240 


1448Q0 067 

1 T*TWWW.WU f 


1 5454Q4. Ozl8 


0.428 


1 1 984000240 


145299 ^88 


1 5AQ1 1 AftO 


0.429 


12 012000240 

1 fc.W 1 t-UUUt-^U 


145588 70Q 

1 HUOwO. 1 WW 


1 *^R97^9 ftQR 
I 00^ f O^.OwO 


0.430 


12 040000240 


145906 0^0 

l^twwUw.Uww 


1558^59 ^90 


0.431 


12 068000240 


148947 ^51 

I *tUt*t / . W«J 1 


1<^5QQ71 7AA 

I ooy y / i . ( ht 


0.432 


12 096000240 


148588 879 


i wOooy i .too 


0.433 


12 124000240 


148Q95 QQ^ 


1 587910 *^Q9 

i do/ £. i u.oy^ 


0.434 


12 152000240 


147265 ^14 


1 5708^0 018 


0.435 


12 180000240 


147604 6^5 

1 i f WW*T.WW«J 


1 57444Q A4.0 


0.436 


12.208000240 


147943.956 


1578068.864 


0.437 


12.236000240 


148283.277 


1581688.288 


0.438 


12.264000250 


148622.598 


1585307.712 


0.439 


12.282000250 


148961.919 


1588927.136 


0.440 


12.320000250 


149301.240 


1592546.560 


0.441 


12.348000250 


149640.561 


1596165.984 
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B 


yi ici L^- y 




root m 5CCQC 

laryci masses 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0 442 


19 ^ft600095o 


1AQQ7Q ft AO 

i4yy / y.ooz 


! 1^QQ7Q<; /in ft 

1 ioyy/oo.4Uo 


0 44^ 


1 9 404000950 


1 50^10 OO** 


loUo4U4.o>52 


0 AAA 


19 4^9000950 


1 c.ORC.ft ROA 
1 0U00O\0Z4 


1 10U/U24.200 


0.445 


19 460000950 


1 50QQ7 ftAR 

i ouyy / .040 


iftinc/iQ con 


0.446 


19 4ftft000950 


1C1007 ice 
I O I 00/ . I OD 


10 14^0o. 1U4 


0.447 


19 516000950 


15167R Aft7 


1 d 7QQO COQ 

ion /002.OZ0 


0.448 


12 544000950 


159015 ftOft 


loz iou 1 .yoz 


0.449 


19 579000950 


i ozodo. i zy 


1OZ0121.O/0 


0.450 


19 600000950 


i ozoy4 .4 ou 


10ZO/4U.OUU 


0.451 


19 69ft000950 


1 c OQfioo 771 




0.452 


19 656000950 


i ooo/ o.uyz 


loooy /y.o4o 


0 45^ 


19 6ft40009^0 


1 C571 0 /HO 
lOo/ 1Z.410 


1 concern n70 

iooyoyy.0/2 


0 454 


19 719000950 


15/1051 7Q>1 
1 04U01 . / oh 


lo4o21o.4yb 


0 455 


19 7400009^0 


104oyl .U00 


aczacqii non 
1o4boo/.y20 


0 456 


19 76R000960 


1 04/ OU.o/O 


1CKf4/IC7 1AA 

iboU4o/.o44 


0.457 


19 7Q6000960 


1 CCORQ RQ7 

i oouoy.oy / 


1CK/ir»7fi 7CQ 

lbo4U/b. / bo 


0.458 


19 ft94000960 


ice^nn mft 
i oo4uy.uio 


iAR7CQC 7QO 

ibo/byb. /y2 


0 459 


19 R69000960 


I oo / 4o.ooy 


Ibblolo.blb 


0 460 


19 Rft0000960 


1 ccnft7 ccn 
1 oouo/ .oou 


ibb4yoo.040 


0.461 


19 Q08000960 


i oo4zo.yo i 


Ibbooo4.4b4 


0.462 


19 CH60009R0 


1 00 / OO.oUZ 


A C701 7Q QQQ 

lb/21 /o.ooo 


0 46^ 


1 9 Q6A0009R0 


10/ 1U0.0ZO 


lb/o/yo.o12 


0 464 

v.tlrt 


1 9 QQ90009R0 


QAA 

10/ 444. y44 


lb/y4 12.7ob 


0 465 


1^ 0900009R0 


1<^77Q/1 OCR 
IO/ /O4.ZO0 


1000032.100 


0 466 


1°. 04R0009RO 


lOOlZo.OOO 


•1CQCCC1 CO/I 

1bobboi.oo4 


0 467 


1 ^ 076000960 

1 O.U 1 OUUU^DU 


1 0Q/ifto on7 

lZ04DZ.yU/ 


•iCQnoTM nno 
ibyU2/1.0Uo 


0 468 


1*3 104000960 

IO. IU*tUUU^.OU 


lOOOUZ.ZZO 


lbyooyu.432 


0 469 


1^ 1^.9000960 


1 oy 141 .04y 


iby/ouy.oob 


0.470 


1^ 160000960 


1 ^Q^ftO R70 

i oy4ou.o /u 


1 /Ul 12y.2oU 


0.471 


1^ 1ftR000960 


loyozu.iyi 


1 /U4/4O.704 


0.472 


1^ 916000960 


iou loy.oiz 


1 /Uoobo.12o 


0.473 


1 ^ 944000960 


I OU4yo.ooo 


47 4 4 QQ7 CCO 

i/nyo/.oo2 


0 474 


1^ 979000970 
I o.Z / ZUUUZ / U 


lOUooo.l 04 


4 -7 h rone r\T^ 

171o606.976 


0 475 


1^ ^00000970 


lOl 1 / / .4/0 


1719226.400 


0 476 


1^ ^9ft000970 


-ICM C1C 7QC 

noi oio. /yo 


1722845.824 


0 477 


1*3 ^£000970 


loloob. 1 1 / 


1726465.248 


0 47ft 


1 ^ T.R4.00097O 
I0.004UUUZ/U 


1oziyo.4oo 


1730084.672 


0 47Q 


1 ^ A1900007O 
lo.4 IZUUUZ/ U 


1bzoo4. /oy 


1733704.096 


0 4ft0 


1 ^ AA0000970 
I0.44UUUUZ/ U 


IOZO/4.UOU 


1737323.520 


n 4fti 


1 ^ 4GPO0097O 
I 0.400UUUZ/ U 


loozlo.401 


1740942.944 


o 4ft9 


1** AQR00097H 
lo.4yOUUUZ/U 


ifilCCO 7DO 

1boooz./22 


1744562.368 


0 48^ 


1^ 5.94000970 


loooyz.U4o 


1748181.792 


0 484 


1^ 559O0097O 


lo4zol .oo4 


4 7CH On<4 OHO 

1751801 .216 


0.485 


13.580000270 


164570.685 


1755420.640 


0.486 


13.608000270 


164910.006 


1759040.064 


0.487 


13.636000270 


165249.327 


1762659.488 


0.488 


13.664000270 


165588.648 


1766276.810 


0.489 


13.692000270 


165927.969 


1769898.336 


0.490 


13.720000270 


166287.29 


1773517.760 
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' R 




tarnot moccoc 
Ldiytrl llldbbcb 


largex masses 


(microgauss) 




in (daltons) 


in (daltons^ 

1111 V-l w4 1 WW 1 Iwf 


FIELD 


FREQUENCY 


EO 


SC 


1 n 4Q1 

U.f 57 1 


1 i 74Rnnn97n 

I O. f f OUUU^ / u 


1 RRRHR R1 1 
I DD0UO.O1 1 


1 7771 Q7 1 P/l 
l/f/10/.l 04 


f) 4Q9 

U.f 57Z 


1 i 77ftnnn9«n 
I O. / / ouuuzou 


i ooyf D.yoz 


1 /oU/oo.oUo 


n 4Qi 


1 O.OUf UUVJZOU 


IC790C oco 
1 Of ZOO. ZOO 


1 7P.417R ni9 
1 / Of O/O.UOZ 


n 4Q4 


1 i «^9nnn9ftn 
I o.oo^uuu^ou 


1R7R94 *>74 
1 0 / OZf .Of f 


i f o/yyo.f 00 




1 i RRnnnn9ftn 
I o.oouuuuzou 


lOf yoo.oyo 


4 70-1 Qon 

1 / yioi4.ooU 


n 4QR 

U.f 570 


I o.ooouuuzou 


J OOoUO.Z \ 0 


1 / yozo4.oU4 


fi 407 

U.f y 1 


1 i qi Rnnn.9P.n 
i o.y i ouuuzou 


J0004Z.00Y 


170QQCQ 70Q 

1 /yoooo./zo 


U.f yo 


1 i Q44nnn9P.n 
i o.yf f uuuzou 


looyoi .000 


ioUz4/o.lOZ 


n 4qq 

U.f yy 


11 Q79nnn9ftfi 
i o.y/ zuuuzou 


ICOQO'l 17Q 


IQfiCriOO CC7 

loUoUyz.OO/ 




l f .UUUUUUZOU 


loyoou.ouu 


1Q/">Q7iO AAA 

lolly / iz.UUU 




I f .uzouuuzou 


i oyyyy.ozi 


lol 000 1.4z4 


n ^09 


I f .UOOUUUZOU 


i / uooy.if z 


1 Q 1 CQCA Q/IQ 

ioioyou.o4o 




14 nR4nnn9An 


1 7HR7R 4R1 
1 f UOf O.f 00 


1 QOAR7A 070 

loZUO/U. Z/Z 




141 i9nnn9ftn 

If. I I ZUUUZOU 


1 71 fM 7 7ft/i 
1 / 1 U 1 f . / Of 


i QO/I ^ OA CQC 

ioz4i oy.oyo 




14 i4nnnfi9An 

If. IfUUUUZOU 


I f 1 00 f .1 UO 


1Q070A0 IDA 

lozYouy.izu 


U.JUO 


If. IOOUUUZOU 


1 71RQR 49R 

i/i oyo.f zo 


i Q'3^ >i oq c/i /i 
Iool4zo.o44 


v.Ju / 


14 iQRnnn9Rn 
if. iy ouuuzou 


170AOC 747 
1 f ZUOO. / f f 


1OO0U4/ .yoo 




14 994nnn9Rn 

I f .ZZf UUUZOU 


i f ZO fO.UOo 


HQQQCC7 OQO 

1 00000/ .oyz 


U.UUy 


14 9^9nnn9Qn 
i f .zozuuuzyu 


179714 IftO 

1 ( Zf if .ooy 


1o4zzoo.o1o 


n 


14 9ftnnnn9on 
i f .zouuuuzyu 


1 7inca 71H 


lo4oyUo.z4U 


1 1 




i r ooyo.uo i 


io4yozo.oo4 


U.U I z 


14 iiRnnn9on 
I f .ooouuuzyu 


1 f o/oz.oOz 


4QC1AAC AOO 

loool4o.Uoo 


n ^.1 1 


14 iR4nnn9on 
1 f .oof uuuzyu 


1 f f Uf 1 .0/0 


loob/ o4.o1z 


n ^14 


14 iQ9nnn9on 
i f .oyzuuuzyu 


1 7/1 vl 1 fl QQ/I 

i / ff lu.yyf 


'IQCAOQO AOC 

1ooUooo.9oo 


0, ^1 ^ 


14 49nnnn9on 
i f .f zuuuuzyu 


1 / f / OU.0 10 


^Q^^/lAA'3 oca 
l004UUo.00U 


n *^ir 


1 a 44P.nnn9on 
i f .f f ouuuzyu 


1 / ouoy.000 


1oo7ozz.7o4 


U.O I # 


1/1 47cnnnoon 
if .f /ouuuzyu 


A 7C/I OQ QC7 

1 /Ofzo.yo/ 


1871242.208 


U.O IO 


i f.ouf uuuzyu 


1 7C7CQ 07D 
1 / O/OO.Z/O 


H07>IOC<I COO 

1o74oo1 .632 


yj.o iy 


14 ^o/^aaaoaa 
i f .oozuuuzyu 


i / oiU/ .oyy 


1878481.058 


u.ozu 


14 ^caaaaoaa 
i f .oouuuuzyu 


A Id. A AC QOH 

1 /044o.yzU 


4000*1 AA AOf\ 

1882100.480 


n ^91 


14 ^Rftnnfi9Qn 
i f .ooouuuzyu 


1 /O/OO.Zf 1 


'IQQC7'1A AA/1 

iooo7iy.yo4 


n S99 




17719*^ RCO 
I / / 1ZO.OOZ 


looyooy.ozo 


n ^.91 

U.UZO 


14 R44nnr>9Qfi 
i *f .o*f*f uuuzyu 


Iff fOf .C3O0 


WQAOACQ 7CO 

loyzyoo./oz 


0 594 


14 R79fififl9Qn 


177AH4 OC\A 
I f f OUf .ZUf 


ioyoo/o. 1 / 0 




14 7onnnn9on 


17ft 141 RO^ 
1 f O If O.OZO 


1 OA A 1 Q7 C A A 

nyuuiy/ .ouu 


n 59R 


14 79ftnnn9Qn 


1 /040Z.0f 0 


lOHOQO AO/I 

lyUool / .Uzf 


n 597 

u.oz/ 


14 7^finnninn 


1 7QQOO A C7 
1 /OOZZ.lO/ 


HAA7/IOC ylilO 

1 9074OO.448 


n 59°. 

U.OZO 


14 7ft4finninn 

If. r Of UUUoUU 


1 / yioi .4oo 


191 1055.872 


n 59Q 
u.ozy 


If .O IZUUUoUU 


H 7ftCAA OftO 

1 /yoUU.oUy 


1914675.296 


n. coa 
u.oou 


If .o4UUUUoUU 


179840.130 


1918294.720 


n c«n 

U.00 I 


14.0DOUUUoUU 


180179.451 


OO O A A AAA 

1921914.144 


u.OOZ 


If .oyouuuouu 


4QAC4 0 770 

loUo1o.77z 


1925533.568 


u.ooo 


1 f .y^f UUUoUU 


1oUoOo.090 


1929152.992 


0.534 


14.952000300 


181197.414 


1932772 416 


0.535 


14.980000300 


181536.735 


1936391.840 


0.536 


15.005000300 


181876.056 


1940011.264 


0.537 


15.036000300 


182215.377 


1943630.688 


0.538 i 


15.064000300 


182554.698 


1947250.112 


0.539 


15.092000300 


182894.019 


1950869.536 
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B 


(Hertz) 


target masses 


taraet masses 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.540 


15 120000300 


1 83233 340 


1QS44RR QfiO 


0.541 


15 148000300 


183572 661 


1Q^R10R ^R4 


0.542 


15 1 76000300 


183911 982 

1 KJ\J J | | . JUL. 


19R1797 ROR 


0.543 


15 204000300 


184251 303 


1Qfi^^47 9^9 


0.544 


15 232000300 


1 84590 624 


1QRRQRR R^R 

1 3DOJ3DO.D30 


0.545 


15 260000310 


1 84929 945 


1Q79^RR 0R0 


0.546 


15 288000310 


185269 266 

1 v\J^U3 .^.UvJ 


1Q7R90^ ^04 


0.547 


15 316000310 


1 85608 SR7 


1Q7QR94 Q9R 


0.548 


15 344000310 


1R5Q47 QOR 


IQR^AAA ^^9 


0.549 


15 372000310 


186287 229 


1QR70fi^ 77R 


0.550 


15 400000310 


186626 550 


IQQORR^ 900 


0.551 


15 428000310 


18RQR5 R71 


1QQ4^09 R9d 


0.552 


15 456000310 


187305 192 


1QQ7Q99 H4R 


0.553 


15 484000310 


187644 513 


2001^41 479 

£.\J\J \ OH 1 .*r f 


0.554 


15.512000310 


187983 834 


2005 1R0 R9fi 


0.555 


15 540000310 


188323 155 


200R7R0 390 


0.556 


15 568000310 


188662 476 


20193Q9 744 


0.557 


15 596000310 


189001 797 


901R01Q 1RR 

£-\J \ \J\J 13. IUO 


0.558 


15 624000310 


189341 118 

1 UCwT I.I IU 


901QR^R ^Q9 

tu I3000.J3^ 


0.559 


15 652000310 


189990 439 


909^9^R 01 R 


0.560 


15 680000310 


190019 760 


209RR77 440 


0.561 


15 708000310 

1 VS. F WWW 1 V 


190359 081 


90^04QR RR4 


0.562 


15 736000310 


1 QORQR 409 


90^A1 1 R 9R8 


0.563 


15 764000320 


1Q1037 797 


90^77^^ 71 9 


0.564 


15 792000320 


191377 044 

U 1 Of f .w't*T 


9041^^^ 1^R 
^U*t I ODD. I OO 


0.565 


15 820000320 


1Q171R 7RR 


90AAQ7A ^fiO 


0.566 


1 5 848000320 


1Q90^ RRR 


c. U*fO 0 3 0 . 3 O** 


0.567 


1 5 876000320 


1Q97QS 007 


90R991 ^ /10ft 


0.568 


1 5 904000320 


1Q9774 79R 


90*^RR^9 R^9 


0.569 


1 5 932000320 


1Q7077 R4Q 

I 3GU 1 0.0*t3 


90^04^9 9^fi 


0.570 


15 960000320 


193412 Q70 


90R^071 9R 


0.571 


1 5 988000320 


1Q77*i9 9Q1 


90RRRQ1 10,4 


0.572 


16 016000320 


1Q40Q1 R19 


90707 10 *^9ft 
ZU/UO IU.DZO 


0.573 


16 044000320 


194430 933 


9077Q9Q Q^9 
/ 03Z3.3DZ 


0.574 


16 072000320 


194770 254 


9077^40 77R 


0.575 


16 100000320 


195109 ^75 

1 3<J 1 V/3.vJ 1 O 


90R1 1RR R00 


0.576 


16 128000320 


1Q^44fl RQR 


90ftA7ftft 99A 


0.577 


16 156000320 


1Q^7RR 917 


90RRA07 RdR 


0.578 


16 184000320 


1QR197 ^7R 


onQonoT r»7o 


0.579 


16 212000320 


1QRARR RRQ 
I 3D*fOD.ODi7 


ZU3DD4D.43D 


0.580 


1 6 240000320 


1QRR0R 1R0 


zuyyzoD.yzu 


0.581 


16 268000330 


1Q714^ ^01 
I 3 1 1 HD.DU 1 


Z 1 UZ000.044 


0.582 


16 296000330 


1 Q74R4 R99 


910R*>H/1 7fift 
^ I UD0U*t. f OO 


0.583 


16.324000330 


197824.143 


2110124.192 


0.584 


16.352000330 


198163.434 


2113743.616 


0.585 


16.380000330 


198502.785 


2117363.040 


0.586 


16.408000330 


198842.106 


2120982.464 


0.587 


16.436000330 


199181.427 


2124601.888 


0.588 


16.464000330 


199620.748 


2128221.312 
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B 




mot m ^ccqc 
Ldiycl llldobcb 


largei masses 


(microgauss) 




in (daltons) 


in ^rialtrin*;^ 

111 \uai ivj 110^ 


FIELD 


FREQUENCY 


EO 


sc 


U.J03 




1 QQocn rifto 

lyyouU.uuy 


2131840.736 


\J.\J\3\J 


I U.O^lUUUUOoU 


9H01 QQ QQn 

^uu lyy.oyu 


01 oc/i cn 4 en 
21oo4b0.1b0 


1 0 5Q1 

U.UC7 1 


| I D.04 OUUUOOU 


onncQQ 711 


2139079.581 


n sqs> 

U.UcJ^ 


I O.Df OUUUOoU 


ZKJVOfO.KJOZ 


0 a a oenn nno 

2142699.008 




1 r RnAnnn^^n 

I O.OU4 UUUOoU 


OH1 01 T QCO 


04vie04O >iOO 

2146318.432 




1R R^nnno.on 


oniccft ft7>i 


2149937.856 


u.uyo 


1ft ftftnnnnQQo, 

I u.uuuUUUuoU 


OA1QQC OQC 


04 corn oon 

2153557.280 


u.oyo 


1ft ftQQfinnQo.n 


202235.316 


2157176.704 


n ^Q7 


Id. f ibOOOooO 


202574.634 


2160796.128 




ID./ 44UUUuuu 


oriooio QCQ 
202y1o.yoo 


2164415.552 


u.oyy 


ID. f f ^UUUo4U 


20o2oo.279 


2168034.976 


n Rnn 


iD.OUUUUUo4u 


20o5yz.b00 


2171654.400 


n Rm 

U.OU I 


1ft A9ftnnnQ./in. 
i D.oZOuUuo4U 


20oyol .921 


r\ A on ii 

2175273.824 


f) R09 


I O.OOOUUU34U 


or\/to7i o>io 
Z\Jh£.( 1 .242 


OHTOOnO OylO 

2178893.248 


v.UUO 


I 0.004UUUJ4U 


on/ift 1 n ceo 
2U4D1U.ODO 


O A DOC A O O-7O 

2182512.672 




1R Qi9nnn^An 

ID.y IZUUU04U 


2U4y4y.oo4 


ohoohoo nno 

2188132.096 




1R cMnnnn^/m 

I 0.y4UuuUo4u 


oncoQQ one 


HQ^c-t con 

2189751.520 


U.UUO 


ir QRfinnn^An 
i o.yoouuuo4U 


2U0b2o.D2o 


04n*5 07A C\AA 

2193370.944 


U.Uu # 


ir QQRnnn^An 
i o.yyouuuo4u 


OHCQTft Q>17 

20oy (O.oHf 


o«i nennrt 000 

2196990.368 


U.UUO 


1 7 n9Annn^An 

I f .UZ4UUU04U 


onconT 1ftQ 
2UboU/.lbo 


oonnonn *rno 

2200609.792 




I ( .U0ZUUUo4U 


oncc/ic /ion 
2Ubb4b.4oy 


oon a oon o ^ o 

2204229.216 


U.U I u 


1 7 Oftnnnn^yin 


oncooc q 1 n 

20byoo.cn o 


OOO^O Ad O jl 0 

2207848.640 


U.U I I 


17 inonnni/iri 
1 / . IUoUUUo4U 


20/o2o.1o1 


OO A A A OO O O A 

2211468.064 


I n R19 

U.U 


1 7 i^ftfififi^/iri 
1 / .1o0UUUo4u 


20/OO4.452 


00 4 C O 0~7 Add 

2215087.488 


n ri^ 


17 ift>innnQ/if\ 


200003.773 


ooho^oo n^o 

2218706.912 


n Rid. 

U.U IH 


i / . i yzuuuo4U 


2Uoo4o.0y4 


0000000 000 
2222326.336 


U.U I O 


1 ( .ZZUUUUo4U 


20o6o2.415 


ooocnyic ~~t i~*r\ 

2225945.760 


n rir 

U.U I D 


1 f .Z4oUUUo4U 


OOO AO H TOO 

209021 .736 


0000^/^^ a r\ a 

2229565.184 


U.O I f 


17 97ftnnr\'3cf\ 


209361 .057 


0000*10.4 r>An 

2233184.608 


U.O IO 


I r .OU4UUUOOU 


OrtrtTAA OTTO 

209700.378 


2236804.032 


n riq 

u.o I y 


17 QQonnfkQcn 
1 f .ooZUUUooU 


*~\ a Anon enn 

210039.699 


2240423.456 


0 R9H 


1 / .ooUUUUoOU 


OHA07A nor* 

210379.020 


00 A A r\ A ^ nnn 

2244042.880 


n R91 


1 f .oooUUUodU 


210718.341 


2247662.304 


fj R99 


17 /Hftnnn^c 

I f .41DUUUOO 


011 nc7 ceo 
211007.662 


OOCH004 "TOO 

2251281.728 




17 AAA C\f\C\ r X^d 
I / .444UUUOOU 


0<1 4 0AC OOO 

21 1o9b.9o3 


oorjion^ a r r\ 

2254901.152 


n R9J. 


17 A7on,nnQcn 
I f .Hi zuuuoou 


0 a <i too on >i 

21 1736.304 


oococoo r t /"> 

2258520.576 


n R9 c . 

U.Oj£0 


17 dnnnnnocrk 
1 / .DUUUUUoDU 


212075.625 


nnn/<\^ j /-> r\ s\ s\ 

2262140.000 


n R9R 
U.u^u 


1 / .DZoUUUoDU 


212414.946 


2265759.424 


0 R97 


17 ^t^nnnQcrin 
i ( .OOUUUoDUU 


0 407Ci( OCT 

212754.267 


2269378.848 


n R9fl 


1 f .Oc54UUUoOU 


o«ionno coo 

213093.588 


rtmrinn a y\^n 

2272998.272 


fl R9Q 


17 ftionnnocr\ 


o^Ovioo nnn 

213432.909 


2276617.696 


u.uou 


1 # .D4UUUUOOU 


H0770 oon 

213772.230 


2280237.120 


U.UO I 


1 f .OuoUuUoO 


O 4 /I 4 4 H CCA 

2141 1 1.551 


2283856.544 


0.632 


17.696000350 


214450.872 


2287475.968 


0.633 


17.724000350 


214790.193 


2291095.392 


0.634 


17.752000360 


215139.514 


2294714.816 


0.635 


17.780000360 


215468.835 


2298334.240 


0.636 


17.808000360 


215808.156 


2301953.664 


0.637 


17.836000360 


216147.477 


2305573.088 
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R 
D 

(microgauss) 




largei masses 
in (daltons^ 

hi ^uuiiui toy 


t o At m ^ppap 

largei masses 
in fdaltnnO 


\ FIELD 


FREQUENCY 


EO 




n R°.ft. 

U.OOO 


1 7 ftRAfifiO^Rn 
I / .0O4UUUO0U 


01 CM QO 7QQ 

zio4oo./yo 


OOOOIQO CIO 

2oU9iy2.0l2 


u.ooy 


1 7 ftoonnn^RA 
i / .oyzuuuoou 


O-l CQ1C <| 4/) 

21bo2o.1 19 


004OOH OOO 

231281 .936 


n rao 

U.04U 


17 ooaaaaqra 
i / .y^uuuuoou 


01 71CC /I v< A 

ill M bo.440 


O04O>10<4 OOO 

2316431 .360 


n rai 


i / .y4uuuoouu 


01 C7A>| 7C<1 

215704. 761 


OOOOOCO ~IO A 

2320050.784 


n RA9 

U.04^ 


1 7 q7raaaira 

i / .y/ouuuoou 


0-17Q/I/I AQO 

21 7844.082 


OOOOOTO OOO 

2323670.208 


n ra°. 


1ft f\f\A aaaira 
1 O.UU4UUUOOU 


01 Q 1 QO A f\0 

21oloo.40o 


000700A OOO 

2327289.632 


O AAA 


1ft aqoaaaqra 
1 O.UoZUUUOOU 


OIQCOO 70^ 

21O022./24 


ooooooo oco 

2330909.056 


C\ RAE. 
U.040 


1ft araaaaora 
lO.UoUUUUooU 


01 QOCO A/1C 

218862.045 


OOOvlCOO A OO 

2334528.460 


n rar 

U.040 


1 O.UooUUUoOU 


219201 .OOO 


OOO OH A ~7 OO A 

2338147.904 


0 RA7 
U.04/ 


1ft iiraaaora 
10.1 loUUUooU 


219540.687 


OO A 4 7^7 OOO 

2341767.328 


n. R/ift 
u.04o 


1ft 1/maaaooo 
10.144UUUooU 


219880.008 


oojicooo irn 

2345386.752 


n raq 

U.04y 


1ft 1 70aaao.ra 
lo.l / ZUUUooU 


OOAO<1A OOA 

22021 9. o29 


OOOOOOO A 7C 

2349006.176 


n. R^n 


lo.ZUUUUUooU 


220558.650 


OOCOOOC OOO 

2352825.600 


n rri 

U.001 


lo.22oUUUobU 


220897.971 


2356245.024 


n ceo 


1Q 0CCnftA07A 

lo.2ooUUUo70 


oo<( oo7 or»o 

221237.292 


OOCOOOC A A O 

2359867.448 


n rco 

U.OOO 


1ft OQA AAA07A 

1o.2o4UUUo/U 


OAHC7C ffdO 

221576.613 


OO^OjIOO 0"T^ 

2363483.872 


o rc.a 

U.004 


1ft o.ioaaaq7A 
lo.ol2UUUo/U 


00 4AHC r\0 /t 

221915.934 


O0O"7«tO0 OOO 

2367103.296 


U.OOO 


1Q o./iaaaao.7A 
1o.o4UUUUo7U 


222255.255 


2370722.720 


n rrr 

U.OOO 


1 q qrqaaaq7a 
lo.oooUUUo/U 


222594. 57o 


2374342.144 


n RR7 

U.OO/ 


1 ft *jacaaao.7a 
lo.oybUUUo/U 


OOOAOO OA7 

2229oo.o97 


0077Aff'( COO 

2377961.588 


n Rc.ft 

U.OOO 


1ft >io/iaaaq7a 
10.4Z4UUU0/U 


22o2/o.21o 


0004COO OOO 

2381580.992 


n RRQ 

u.ooy 


1ft yiKonnno7n 
1o.4o2UUUo/U 


OAOC-IA COO 

223612.539 


OOOCOOO A 4 O 

2385200.416 


n rra 
u.oou 


1ft /iqaaaao.7A 
1o.4oUUUUo/U 


223951 .860 


ooooowo Qjin 

2388819.840 


n rri 

U.OOI 


1 q CAftAAA07A 
lo.oUoUUUo/U 


224291.181 


OOOOOOO OO il 

2392439.264 


n rro 
U.oO^ 


1 O.OooUUUo7U 


AAylOOA COO 

224630.502 


OOOOOCO OOO 

2396058.888 


n rrq 

U.OOO 


1ft cc>innn'37n 
1 o.Oo4UUUo/U 


AAylACA OOO 

224959. 82o 


2399678.1 12 


n rra 

U.004 


1 ft Koonnno7A 
1o.oy^UUUo/U 


225309.144 


OilAOOA7 COO 

2403297.536 


n rrc. 

U.OOO 


1 q roaaaaqta 
lo.o2UUUUo/U 


OOCC/tO AdCZ 

225o48.4o5 


0>100040 OOO 

2406916.960 


n rrr 

U.OOO 


1ft ft/ftnnnQ7n 
1o.o4oUUUo/U 


OOCOQ7 7QC 

22o9o7.78o 


Oil-IOCOO OOi4 

2410538.384 


n. RR7 

U.OO/ 


1 ft R7RAAA07A 
lo.o/oUUUo/U 


OOC007 «(A7 

225327.107 


^ A 4 A 4 CC OOO 

2414155.808 


n. rr« 

U.OOO 


1ft 7A>innni7A 
iO./U4UUUo/U 


ooccce >ioo 

226666.428 


A/1 <777C OOO 

2417775.232 


n pro 
u.ooy 


1 ft 7qoaaao.7a 
lo. / ozUUUo/ U 


00"7OOC ~7 AC\ 

227005.749 


OvlOHOOit OOO 

2421394.858 


n R7H 

u.o/ u 


1ft 7finnAO'3QA 

lo./oUUUUooU 


00"70>IC O^O 

227345.070 


OilOCO^ A OOO 

2425014.080 


n R71 
U.O/ 1 


lo./ooUUUooU 


007CO /I 004 

227684.391 


OiiOOOOO OO A 

2428633.504 


n R70 


lo.oloUUUooU 


OOOOOO 7 40 

228023.712 


OilOOOCO OOO 

2432252.928 


A R7Q 
U.O/o 


1Q QA /IAAAOQA 

1o.o44UUUooO 


OOOOOO OOO 

228363.033 


2435872.352 


U.O/4 


lo. 87200038 


OOOOOO OCi 

228702.354 


2439491.776 


a C7c 
u.o/o 


4 o oonoooooo 
1 o. 900000380 


0000>l^ r«Tr 

229041.675 


2443111.200 


a C7C 
U.o/o 


18.928000380 


229380.996 


2446730.624 


A C77 
U.O/ / 


18.958000380 


229720.317 


2460350.048 


A C7Q 

U.O/O 


ho c\q a oooo oo 

18.984000380 


230059.638 


2453969.472 


A C7Q 

u.o/ y 


iy.ui2uuoo80 


OOOOOO OCO 

230398.959 


2457588.896 


n Rftn 
U.OOU 


10 a/iaaaaoqa 
iy.U4UUUUooU 


OOA700 OOO 

230738.280 


OilOWOOO OOO 

2461208.320 


0.681 


19.068000380 


321077.601 


2464827 744 


0.682 


19.096000380 


231416.922 


2468447.168 


0.683 


19.124000380 


231756.243 


2472066.592 


0.684 


19.152000380 


232095.564 


2475686.016 


0.685 


19.180000380 


232434.885 


2479305.110 


0.686 


19.208000380 


232774.206 


2482924.864 
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B 




tarnpt maccoc 
Laiyci Miciooco 


largei masses 


(microgauss) 




in (daltons) 


in f daltons} 


FIELD 


FREQUENCY 


EO 


sc 


0 687 


1 q 9**60oo°.80 


ZOO I lO.04f 


44ob044.4oo 


0 688 


1Q 964000°.QO 


OOO/CO PAP 


44yU10o. / 14 


0 689 


1Q 9Q9000^Q0 


ZOOr yZ.loy 


0/I007P0 <OC 

44yo^ oo.lob 


0 6Q0 


1Q °.9oooo°.qo 
i y .o^uuuuoyu 


ooyiiQi /ion 
Zo41oi.4yU 


2497402.000 


0 691 


1Q ^sooo^qo 
i y.o4ouuuoyu 


9^/lA70 Pi i 
Z044 # U.OI 1 


40U1U41 .9o4 


0 692 


1Q ^rooo^qo 


Z040TJ.10Z 


4OU4041 .408 


o 6cn 


1 q 4040oo°.qo 
i y.f u*ruuuoyu 


400 14y.40o 


ocnoocn 000 


0 694 


1 Q 4°»9000'*Q0 

\ y.4 ozuuuoyu 


4o04oo./ ^4 


251 100O.200 


o 69*. 


1 q 460000^0 
i y.4ouuuuoy 


OQWOfi HOC 


4olo4yy.oo0 


0 696 


1Q 488000^00 


ZOD1D/.410 


40lyl ly.lU4 


0 697 


1Q SlfiOOO^Qn 


ooccnc 7*37 


0C0070P COP 

404U/OO.04O 


0 698 


1Q c .440oo°.qo 

i y.o*t*tuuuoyu 


4oOo4D.UOO 


404bo0/ .952 


0 699 


1 Q S79000^Q0 


907*1 OC 07Q 

£.01 ioo.o/y 


OCOQQ77 07C 

404yy ( / .010 


0 700 


1Q 600000°,Q0 


oo7COyi 700 


ocoococ pnr» 
4oooOyb.oUU 


0 701 


1 Q 698000*3QO 


40f004.U4l 


0C07HC OO yl 

2oo72 10.224 


0 70? 


1 q 6 c .600o°.qo 


4004Uo.044 


OC/IAQOC EAO 

4o4Uooo.04o 


0 70^ 


1 q 6840oo°.qo 
i y.oo*tuvuoyu 


4OO044.0OO 


*>CZA A A CC ft70 

20444OO.072 


0 704 


1Q 719000^.0,0 
i / i^uuuoyu 


01PPP1 QP/1 


2o4o074.4yo 


0 70S 

W.I UJ 


1Q 740000°.Q0 


4oy441 .OUO 


OCC4COO oon 

4oolbyo.92u 


0 706 


1Q 768000400 

i y . f oouuu4uu 


zoyoou.ozo 


OCCCO-IO 1AA 

4oooolo.344 


0 707 


1Q 7Q6000400 


4oyoyy.y4f 


OCCPOOO 7CQ 

4oooyo4.7bo 


0 708 


1Q R94000400 


44U4oy.4oo 


OCCOCCO A OO 

2oo2oo2.192 


0 70Q 


1Q 8^9000/100 

i y .oozuuu4uu 


0>inR7P coo 


4obb1 71 .610 


0 710 


1Q 88000O4O0 


OAOQi 7 Qin 

44»jyi ( .yiu 


2509791. 040 


0 711 


1 Q Q08000AOO 

i y ,yuouuv4uu 


Oyl 1 OK7 OOH 

44140r .4oi 


0C70 A A r\ A CI A 

25734 10.464 


0 719 


1 Q Q^fiOOO/lOO 

i y.yoouuu4uu 


44l0y0.004 


2577029.800 


0 71^ 


1 Q Q6AO0O4OO 

i y.yo4uuu4uu 


Oi4 1 OOC P70 

441 yoo. of 6 


2580649.312 


0 714 


1Q QQ9000/100 

i y.yyzuuu4uu 


4444/^ 0.1 y4 


OCO/IOCO 70C 

2584268.736 


0 71S 


90 090000400 
ZU.UZUUUU4UU 


444014.010 


0C0700O 4 Ort 

2587888.160 


0 716 


90 048000A00 
ZU.U40UUU4UU 


444y0o.OOO 


ocn>icft7 co>i 

2591507.584 


0 717 
\j. i ir 


90 086O004O0 


44o4yo.l 0/ 


OCQC-IOT f\f\Q 

2oyol 27.008 


0 718 


90 104O0O4O0 
ZU. IU4UUU4UU 


44O0O4 ,4f 0 


2598746.432 


0 719 


90 1°.9000400 


O i 10Q7'1 7QQ 

44oy ( 1 . r yy 


ocnoocc occ 
20U2obo.85b 


0 720 


90 160000400 


OAA 1 1 i ion 
44401 1 .14U 


ocacqpc oon 
2bUo985.280 


0.721 


90 188000400 


444001^.441 


2bUybU4.r04 


0 722 


90 916000400 


7CO 

444yoy./ 04 


OCHOOO/1 WOO 

2613224.128 


0 79^ 

\J, I ^o 


90 944O0O9O0 
^U.Z44UUUZUU 


44oo4y.Uoo 


2616843.552 


0 724 


90 979O0OA1O 
ZU.Z f ^UUU41 U 


440OOO.4U4 


2820482.976 


n 79^ 


oo Qonooo/MO 
ZU.OUUUUU41U 


440007. 72o 


2624082.400 


0 796 


ZU.040UUU41U 


440o47.04o 


2627701.842 


0 797 


oo o^cennoyMo 

ZU.000UUU4 1U 


440OOO.3O7 


2631321.248 


0 798 


oo QPAono/i 1 o 

ZU.O04UUU41 U 


0>17rtOC COO 

44^U4o.boo 


2634940.672 


0 79Q 


90 419O0OA1 0 
c\j.<\ IZUUU4 IU 


44/oOo.UUy 


2638580.096 


I 0.730 ! 


20.440000410 


247704.330 


2642179.520 


0.731 


20.468000410 


248043.651 


2645798.844 


0.732 


20.496000410 


248382.972 


2649418.368 


0.733 


20.524000410 


248722.293 


2653037.792 


0.734 


20.552000410 


249061.614 


2856657.216 


0.735 


20.580000410 


249400.935 


2660276.640 
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B 


(Hertz) 


target masses 


taraet masses 

lUl ywV 1 1 IUO JuO 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.736 


20 608000410 


249740 256 

£.^\J 1 "W .£. WW 


26638Q6 064 

Cm UUOU WW. w U*T 


0.737 


20 636000410 

WWW WW^» i W 


250079 577 

faVVU f w.wf / 


266751^ 488 


0.738 


20 651000410 

W . WW 1 W W W^ 1 V/ 


250418 8Q8 


2671 134 Q19 


0.739 


20 692000410 

kW.WW£»WWW ■ 1 V 


250758 21 Q 


9R747*^4 ^1R 


0.740 


20 720000410 


251097 540 

*- W 1 WW I iV*TW 


267837^ 7R0 

£-\J f UJ r 0. / ww 


0.741 


20 748000410 


251436 861 


9R81QQ^ 184 

tDO I www. IO*t 


0.742 


20 776000420 


9^1778 189 

^.w I f f w. 1 0£. 


9RR^R19 ROfl 


0J43 


20 804000420 

^W. WW*TWwWt^W 


9^91 1^ ^0^ 

£.0£. I I j.jUO 


9RRQ9^9 


0.744 


20 832000420 


9^91^1 894 

£.0£. I vj 1 .OfcH 


9RQ9ft^1 4^fl 


0.745 


20 860000420 


2527Q4 145 


9RQR470 880 


0.746 


20 888000420 


253133 466 


97000QO ^04 


0.747 


20 916000420 


9*^479 787 


970^700 79R 


0.748 


20 944000420 


25381 12 108 


9707^9Q 1^9 


0.749 


20 972000420 

&>w.wi i- vv/U i a_ \y 


254151 42Q 

fc^t 1 W 1 ,*T^W 


9710Q48 *^7R 
£.1 IwwHO.wiO 


0.750 


21 000000420 


9544Q0 750 


9714^88 onn 


0.751 


21 028000420 


254830 071 


97181 87 494 
£.1 1010 / .*f^*f 


0.752 


21 056000420 


155169 3Q2 

i WW 1 WW . W \J£- 


979180R 84R 


0.753 


21 084000420 


255508 713 


979S49R 979 

£.1 £L*j*t£.0.*C 1 £. 


0.754 


21 112000420 


255848 034 


979Q04^ RQR 


0.755 


21 140000420 


256187 355 

LJU Iw / .Www 


97^9RR^ 190 

£ll OlDUJ. I^w 


0.756 


21 168000420 


258526 676 

^.wWw^W.W I w 


97^R984 ci44 


0.757 


1 21 196000420 

^ I.I WWWWW~fcW 


258865 9Q7 

^wWwWw.ww / 


97^QQ0^ QR8 

GtJwVO. C7UO 


0.758 


21 224000420 


9^790^ ^18 


974^*^9^ ^Q9 


0.759 


21 252000430 


257544 6^9 


9747149 R1R 


0.760 


21 280000430 


257883 QfiO 


97^0789 940 


0.761 


21 308000430 


9^899*3 981 


O^fwO 1 .004 


0.762 


21 336000430 

1 .WWWWWW^wW 


258562 609 


97^8001 Oftft 


0.763 


21 364000430 

1 . WW*TWW W*TWV/ 


958Q01 Q9^ 


97R1R9H ^19 


0.764 


21 392000430 

fc- 1 >WW^WWW~WW 


25Q241 944 


97R^9^Q Q^R 


0.765 


21 420000430 


9^QR80 Rfi^ 


97RRfc^Q ^RO 


0.766 


21 448000430 


9SQQ1Q ftRR 

^www I w.OOO 


977947W 7ft4 
Z/ / 0. / OH- 


0.767 


21 47600043 

<— 1 . T f WWWW^W 


9R09^Q 907 


977RHQR 9flR 
Z/ /OUwD.ZUO 


0.768 


21 504000430 

L— 1 .WW*TWWW*TwW 


9R0^QR ^98 


977Q717 R^9 


0.769 


21 532000430 

a— 1 .ww&»www^ww 


9fiOQ^7 84Q 


97R^^^7 O^R 
Zf OOOO f .UOO 


0.770 


21 580000430 

A— 1 *WWWWWW~WW 


9R1977 170 


97RRQ^R 4ftfi 


0.771 


21 588000430 


9R181R 401 


97Q0R7R QH4 

Zf yuo/o.yu4 


0.772 


21 616000430 


981 Q^^ 819 


£ifs7H i yo.ozo 


0.773 


21 644000430 


9R99QR 1^^ 


97Q7A14 

£.( y/ oi4. / oz 


0.774 


21 672000430 

£- 1 .wf LUUUtOU 


9R9R^4 4^4 


ZoU14o4.1 /O 


0.775 


21 7000004 3D 

£.1.1 vwUUUHOU 


£\.\)£V3 1 O.I 1 O 


ZOUOUOo.wUU 


0.776 


21 728000430 


9R^^1 ^ OQfi 

ZUOO I O.UijQ 


ZoUoO^ O.UZ4 


0.777 


21 756000440 

wWWWW*t*tw 


9fi^R^9 417 


ZO IZZwZ.4Hw 


0.778 


21 784000440 


9fi^QQ1 7^8 

^ wwww I . f OO 


9A1RQ1 1 ft79 

zo ioy 1 1 .Of z 


0.779 


21.812000440 


264331.059 


2819531.296 


0.780 


21.840000440 


264670.380 


2823150.720 


0.781 


21.868000440 


265009.701 


2826770.144 


0.782 


21.896000440 


265349.002 


2830389.568 


0.783 


21.924000440 


265688.343 


2834008.992 


0.784 


21.952000440 


266027.664 


2837628.416 
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B 

(microgauss) 


(Hertz) 


lai yci 1 1 laooco 

in (daltons) 


tarnot m accoc 
LdiycL 11 laooco 

in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.785 


21 980000440 


966^66 QR*5 


9R419A7 ft/lO 
Z04 1 Z4f .04U 


0.786 


22 008000440 


966706 ^06 
£.001 UO.OUO 


9A44PR7 9RA 
Z04400f .Z04 


0 787 


22 0^6000440 


96704*5 R97 
tDf U40.0Zf 


90/104^^ coo 
ZO4O4OO.O00 


0.788 


22 064000440 


967^84 Q48 


98*5910R 119 
ZOOZ IU0.1 1Z 


0.789 


22 092000440 


967794 96Q 


ZOOD/ ZD. OOO 


0.790 


22 120000440 


96806^ *5Q 


98*50*344 QRO 

zooyo44.you 


0.791 


22 148000440 


968409 Q1 1 


98R9Q64 
ZODZyO4.004 


0.792 


22 176000440 


968749 9^9 


ZOOOOOO.OUO 


0.793 


22 204000440 


96Q081 *5*5^ 


907090^ OQO 
ZOf UZUO.ZoZ 


0.794 


22 232000440 


96Q490 874 


9R77R99 ft*;ft 
ZOf OOZZ.OOO 


0 795 


22 2600004*50 


98Q760 1Q*5 
ZOy f OU. lyo 


9R77/1/19 OPO 
ZOf f44Z.U0U 


0 796 


22 9880004*50 


97O0OO dft 

z i uuyy.oi d 


ZoolUbl .oU4 


0 797 


22 ^160004*50 


Zf U400.00r 


zoo4boU.yzo 


0 798 


29 ^440004*50 


97077P. 1CB 
Zf U f f 0.1 00 


ZooooUU. OOZ 


0 799 


22 ^790004*50 


971 117 47Q 
I I I f .4 f y 


zoyiyiy./oo 


0 800 


29 4000004*50 


971 AOO 
Zf I400.0UU 


zoyoooy.zuu 


0 801 


22 4280004*50 


971 7QR 191 

z f i / yo. iz i 


OOOQI CO C9>| 

zoyyioo.oz4 


0.802 


22 4560004*50 


9791^*5 449 


9Q0977R OAft 

zyuz/ f 0.U40 


0.803 


22 4840004*50 


979474 7R^ 


9QnpOQ7 y|79 

zyuooy f .4/ z 


0 804 


22 *5120004*50 


979814 084 


9Q1 OOi R QQC 

zyiuuio.oyo 


0.805 


22 *5400004*50 


97^1^ 40^ 


9Q1^R^ft ^90 

zy 1 0000. ozu 


0 806 


22 6680004*50 


97^4Q9 79R 


zyi ( zoo./ 44 


0 807 


29 *5Q60004*50 


97^0^9 0>17 
Z r OOOZ.U4 ( 


OQOnQTC ICQ 

zyzuo/o.ioo 


0 808 


29 6940004*50 


974171 


OQO/1/1Q/1 CQO 

zyz44y4.oyz 


0.809 


29 6*590004*50 


974^10 88Q 


9Q9P.1 1 /i OI ft 

zyzoi 14.U10 


0 810 


99 6800004*50 


9748*^0 010 


zyoi / 00. 44U 


0.81 1 


22 7080004*50 


97^180 ^^1 
Z/ d icy. OO I 


zyooooz.004 


0.812 


22 7^60004*50 


97RR98 6^9 


zyooy f z.zoo 


0.813 


22 784000460 


97*5667 97^ 


9Q49*5Q1 719 

zy4Zoy 1 . / i z 


0.814 


29 799000460 


976907 9Q4 
Zr ozu/ .zy*f 


zy4ozi 1.1 00 


0.815 


22 820000460 


976 R46 61*5 


9Q4QR^O CCO 

zy4yoou . oou 


0 816 


22 848000460 


07CQDC QOR 

Z f Dooo.yoD 


zyoo44y.yo4 


0 817 


22 876000460 


97790c 9C7 
Z f / ZZO.ZO f 


ooc;7rtco vino 

zyof uoy.4Uo 


0 818 


22 Q04000460 


977EC/I C70 
Z/ /0D4.0/0 


zyoUooo.ooz 


0 819 

\J.\J 1 J7 


99 CH9000460 


97700Q QQQ 

z/ /yuo.oyy 


zyo4oUo.zoo 


0 820 


99 Q60000480 
ZZ. 570UUUU40U 


97P94Q 990 
Zf 0Z40.ZZU 


zyo/yz7.oo0 


0 821 


99 Q8800O48O 


97PAP9 C/l 1 


29^104^.104 


0 822 


9^ 016000460 


97ftQ91 Qft9 

z r oyzi .OOZ 


OQTC^^;^5 coo 
zyf'O lOO.OZO 


0 82^ 


9^ 044ooo4ro 

Z O . U4 *f U U U 4 D U 


97Q9C4 "loo 

z r yzo 1 . 1 OO 


z97o7oo.95z 


0 824 


9^ 0790004R0 
ZO.U f ZUUU4DU 


97Q^nn en/1 


zyoz4Uo.o7o 


0 82*5 


9^ 100000480 
ZO. IUUUUU4DU 


z/ yyoy.ozo 


zyobUz4.o00 


0 826 


9^ 19800O4RO 


zouz/ y.i4o 


z9oyo44.zz4 


0.827 


9^ 1*5600046 


Z0U01 0.40 f 


OQQQOCa CZ.A Q 

zyyozoo.o4o 


0.828 


23.184000460 


280957.788 


2996883.072 


0.829 ! 


23.212000460 


281297.109 


3000502.496 


0.830 


23.240000460 


281636.430 


3004121.920 


0.831 


23.268000470 


284975.751 


3007741.344 


0.832 


23.296000470 


282315.072 


3011360.768 


0.833 


23.324000470 


282654.393 


3014980.192 
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B 




idi yci iiiaddvo 


idiycl llldooco 


(microgauss) 




in (daltons) 


in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0.834 


23 352000470 


282991 714 

£.0£.WO.l 1*+ 


^OIR^QQ R1R 

ovj i ooyy.o i o 


0.835 


23 380000470 


9R11T* 015 
£ooooo. uoo 


^099910 040 

0\J £.£.£. iy.VJ*fU 


0 836 


91 408000470 


9R1R79 15R 


OUZOOOO.H04 


0 837 


2^ 416000470 


9R4001 R77 
^OHVJVJ I.D/ f 


^09QA^7 ftRH 

ovj^y^or .ooo 


0 838 


2^ 4R4000470 


9ft41^0 QQft 


I OUOOUr.OlZ 


0 839 


2^ 492000470 


9R4RQ0 


^O^RRQR 7^R 

ouoooyo. / oo 


0.840 


2^ 520000470 

^.0.>J4.VJVJVJVJ*T f VJ 


9ft509Q R40 


i OvJ*fUO lO.l ou 


0 841 

V/.V*T 1 


2^ 54RO00470 

^0.\J*tOUVJVJ*t f VJ 


9ft5^fift Qft1 
^ojouo.yo i 


ou*foyoo.oo*f 


0.842 


2^ 578000470 

£.0.0 1 vJUVJUt f VJ 




OU*tfOOO.UUO 


0.843 


2^ R04000470 

^.\}.VJVJ*tUVJVJt # VJ 


9RR047 RO^ 
^OOVJ*f f .QUO 


^0^1 17A A^9 
OUOl 1 ( *\Ao£. 


0 844 


2^ R12000470 




! Qn^A7Q'3 QC;A 

ouo^f yo.ooo 


0.845 


2^ rroooo470 


9RR79R 94^ 


j OUOO^IO.ZOU 


0.846 


23 688000470 


9870R5 5RR 


^0R9n*^9 70A 
| 0U0iCU0Z.fU4 


0.847 


23 716000470 

£.0.1 1 VJUwVJH f VJ 


9ft7404 ftR7 
^Of Hvj*f .OO/ 


*^0R^R^9 19ft 
OUOOOO^.IZO 


0.848 


23 744000470 

^.O. / «+*rVJVJVJ*T f VJ 


9R7744 90ft 


Q0RO971 «^*^9 

ouoy^f i .ooz 


0 849 


2^ 7720004AO 

*.0. / / ^VJVJVJHOVJ 


i ^oouoo.ozy 


Qrk79ftQn Q7C 

ou/zoyu.y t o 


0.850 


23 800000480 


9ftft499 ft^O 


out 001 U.4 


0.851 


2^ 828000480 


9ftft7R9 171 


*5Hftni9Q ft9>l 

ououi^y.oz4 


0.852 


2^ 858000480 

O . O U VJ VJ*rO VJ 


9ftQ101 4Q9 
coy i u i .fyz 


I inftQ7/10 9/1 Q 

ouoo/4y.Z4o 


0.853 


2? 884000480 

^0.00*tVJVJU*+OU 


9ftQ440 R1^ 


i QHft7Qftft ft79 
i OUO/OOo.O/Z 


0.854 


2^ 912000480 


1RQ7A0 1^4 
i oy / ou. i o 4 * 


^oonoftR nofi 
ouyuyoo.uyo 


0 855 


2^ 940000480 

^O.ytUUUUHOU 


9Q01 1 Q 4*^ 


*3^Q/!cn7 con 
ouy4ouf.ozu 


0.856 


2^ 9R80004ftO 


9Q04«^ft 77R 


ouyoz^o.y44 


0.857 


2^ 99R0004R0 


9Q07QR 0Q7 

zyu/yo.uy/ 


| 01U1O4O.O0O 


0.858 


24 0940004RO 

£, t . VJ £ *t VJ VJ VJ *t O VJ 


9Q1 1 *^7 A1 fl 


i oiuo4oo./yz 


0 859 


24 0590004R0 

^.*t.UO^UUU*tOU 


9Q1 47R 7*^Q 

zy i *f / o. / oy 


oiuyucJo.zio 


0 860 


24 080000480 

*+ . VJ O VJ VJ VJ VJ*f OVJ 


9Q1 A1 R ORH 

^y i o i o.uou 


11 197fM C>in 
Oil Z/U4.04U 


0.861 


24 1080004ft0 

1 VJOVJVJVJHOVJ 


9Q91 cc ooi 


01 100Z4.U04 


0.862 


24 1^6000480 

^*t. 1 OOUVJUHOVJ 


9Q94Q4 709 


11 100/11 /1QQ 

oi iyy40.4oo 


0 863 


24 1R40004R0 

C-r. I VjHVJVJVJHOU 


zyzoo^f .uzo 


1191CCO 010 

oizoooz.yiz 


0 864 


24 1990004R0 

^*r. I y^UUUHOU 


9Q0 170 o>i/i 


11 971 QO QQC 
0\£.( lOZ.OOO 


0 865 


24 220000480 

£rr . Z. c. VJ VJ U VJ*t O VJ 


^yoo i z.ooo 


0 lOUOUl ./OU 


0.866 


24 2480004R0 

^ *+ . O VJ VJ VJH O VJ 


OQOOC1 QQC 

zyooo i .yoo 


111/1/111 1Q/1 

01044Z1 .lo4 


0.867 


24 276000490 


9Q41Q1 ^07 
^yH i y i .ou / 


11 iftH/in cr^ft 
01 0OU4U.0UO 


0.868 


24 ^04000490 

£ *t . O VJ t VJ VJ VJ *t 3 VJ 


zy*f dou.ozo 


11/11 ccn nil 
0141ooU.UoZ 


0 869 


24 ^12000490 
z. *t . o oz u vj vj *t y u 


9Q4RRQ QAQ 

zy*fooy.y4y 


11/1K97Q ACCZ 
Ol40Z/y.40O 


0.870 


24 1R0000400 

£H.OOUUUv*ryU 


9QC9AQ 97n 


11/1 oono QQ 

ol4ooyo.oo 


0 871 


24 1ftfi0004Qn 
£*r.ooouuu*tyu 


zyoo4o.oy i 


Q1COCHO OA/l 

Olozo1o.o04 


0 87? 


94 41R0004Q0 

^*f.*f iouuu4yu 




Oloo1o7.72o 


0 87*3 


94 4440004Q0 
z*f . *f *f *t u u u *f y u 


zyozz / ./.oo 


3159757.152 


0 874 


94 4790004Q0 
^*t.*f r zuuu**yu 


zyoooo.oo4 


o1ooo7o.57o 


0 875 


94 ^00000400 

zn.ouuuuu4yu 


OQCQOC Q7C 

^yoyuo.of o 


31 66996.000 


0 876 


94 5280004Q0 

. VJ Uty VJ 


9Q794C inc 

zy/ ^*io.i yo 


117nC1C >10/l 

ol f Do 10.424 


0.877 


24.556000490 


297584.517 


3174234.848 


0.878 


24.584000490 


297923.838 


3177854.272 


0.879 


24.612000490 


298263.159 


3181473.696 


0.880 


24.620000490 


298602.480 


3185093.120 


0.881 


24.668000490 


298941.801 


3188712.544 


0.882 


24.696000490 


299281.122 


3192331.968 
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D 
D 

(microgauss) 


inenzj 


largei masses 
in fdaltons} 


largei masses 
in frialtons^ 


FIELD 


FREQUENCY 


EO 


sc 

WW 


1 O ftp.** 

u.ooo 


( ^4UUU4yu 


OQOCOA A AO 

2yyo2U.44o 


3195951.392 


n QQ.A 
U.004 


24. ( 02UUUOUU 


OAftACA 7C A 

299959.764 


04AACTTA OHO 

3199570.812 


n qqr 
U.ooo 


oa 7Qaaaakaa 
24. f OUUUUOUU 


OAAOftA AOC 

300299.085 


OO AO H AA AilA 

3203190.240 


u.ooo 


oa qaqaaakaa 
Z4.0UOUUUOUU 


3UUb3o.4Ub 


OOACOAA CCA 

3206809.664 


A QQ7 

U.OOY 


24.0obUUUoUU 


Oftftft77 707 

300977.727 


0OHA.4OA OOO 

3210429.088 


Pl QQQ 

U.ooo 


oa qc/iaaakaa 
24.OO4UUU5U0 


Oft<IOi(7 A vl Q 

301317.048 


O O H A r\ A O CHO 

3214048.512 


a QQQ 

u.ooy 


oa qqoaaakaa 
24.oy2UUU5UU 


Oft4CCC OCA 

301656.369 


3217667.936 


n QQA 

u.oyu 


24.y2UUUU5UU 


Oft*iftAc cnft 

301995.690 


3221287.360 


n qo-i 

u.oyi 


24.948UU050U 


OftAOOC AH -1 

302335.01 1 


3224906.784 




o/i Q7Cnnncnn 
24.y /oUUUoUU 


OAOCTvl OOO 

302574. 332 


OOOOCOC OOO 

3228526.208 


n qoq 
u.oyo 


oc aa/iaaakaa 
20.UU4UUU5UU 


OAOA-IO CCO 

303013.653 


OO OO H AC COO 

3232145.632 


u.oy4 


2o.Uo2UUU5UU 


OAOOCO f\~7 A 

303352.974 


oooc^cc occ 

3235765.056 


u.oyo 


ok acaaaakaa 
ZO.UbUUUUoUU 


OAOCAO OAC 

303692.295 


O O O OO O A A OO 

3239384.480 


u.oyo 


ok aqqaaakaa 
ZO.UooUUUoUU 


OA/IAOH CHC 

3U4U31 .bib 


OOylOAAO ftftil 

3243003.904 


fi P.Q7 

u.oy f 


oc ■I'Ioaaakaa 
^O.lloUUUoUU 


OA>10"7A AO "7 

304370.937 


OOilCOOO OOO 

3246823.328 


u.oyo 


oc i >i >iaaacaa 
2o.l44UUUoUU 


o ACQ 

304710.258 


OOCOO A O T C O 

3260242.752 


u.oyy 


20. i /2UUU0UU 


OACAvIA C7fi 

3U5049.579 


OOCOOCO 4 "7C 

3253862.176 


n onn 
u.yuu 


Z0.2UUUUU0UU 


QAKOQD AAA 

3U538o.yUU 


3257481.6 


n om 
u.yui 


ok ooonnocAA 


OACTOO OH 

305728.221 


OOC4 4A4 OO H 

3261 101.024 


n ono 
u.yuz 


ok okkaaak-ia 
20.2obUUUOlU 


20bUb7.542 


OOO /I TOO vl j| O 

3264720.448 


o an°. 
u.yuo 


ok OQ/nnn.K'in 
Z0.^o4UUU0 1U 


Q AC/1 AC QCO 

oUb4Ub.8o3 


OOCOOOA 071 

3268339.872 


A QClA 

u.yu4 


ok ohoaaak'IA 
20.312UUU51U 


306746.184 


OOTHACO OOC 

3271959.296 


n qai; 

u.yuo 


ok o^aaaakia 
20.31UUUUO 1U 


OA7ftOC CAC 

307085.505 


007CC70 TOO 

3275578.720 


u.yuo 


OK OCQAflAC'in 

2o.oOoUUUo 1U 


307424.826 


OOTA"! AO AAA 

3279198.144 


A 0O7 

u.yuf 


ok o.ocaaak4a 

^o.oyouuuoiu 


307764.147 


OOOOOH^ roo 

3282817.568 


A Qflfi 

u.yuo 


OK AOAf\C\t\SZA A 

2O.424UU0510 


OAO"4AO >CO 

308103.468 


OOOC>IOC OOO 

3286436.992 


a ono 

u.yuy 


OK /ICOAAACHA 

25.452000510 


308442.789 


3290056.416 


u.yiu 


25.480000510 


1A0700 A A f\ 

308782.110 


3293675.840 


u.yi i 


oc cnoftAftc a o 

25.508000510 


309121.431 


3297295.264 


u.yi^ 


2O.0O0UUU51U 


OftftilCA 7CO 

309460.752 


000004 A OOO 

3300914.688 


u.yio 


OK CQ/IAAAC-IA 

2o.5o4U00510 


iftftoftft mo 

309800.073 


AAA jl r A > A A f~\ 

3304534.112 


u.yi4 


2o.oy2UUU510 


OKft^OA Ortil 

310139.394 


OOOOjITO roo 

3308453.536 


n o-i k 
u.yio 


ok qoaaaakha 
20.02UUUU51U 


O 4 A A~7Q -f AC 

310478.715 


OO A A TTO OOO 

331 1772.960 


u.yi o 


OK C/IQAAnCIrt 

2O.04oUUU0 1U 


310818.036 


OOHCOOO OO <! 

3315392.384 


n Q17 
u.y i ( 


OK ^RAAAK-IA 

ZD.O/ OUUUO 1U 


O 4 4 4 C7 OC*7 

31 1157. 357 


OO H OO A A OOO 

331901 1.808 


u.yio 


OK 7A/tAAAK"lA 

20./U4UUU5TU 


04 H /I AC OTO 

31 1496.878 


OOOOCO A OOO 

3322631.232 


n oio 
u.yiy 


ok 7QOAAAc«ia 
2o./o2U0Uo1U 


OW dOOC A An 

31 1835.999 


3326250.656 


a oon 
u.yzu 


OC 7QftAftACOft 

2o./oUUUU52U 


312175.320 


3329870.080 


a ooi 

u.yzi 


OC 700ftftftC0ft 

25.788000520 


312514.641 


3333489.504 


A qoo 


OC O-lCftftftCOft 

25.81 5000520 


oh ooro rtco 

312853.962 


A A A ~T A A A A A A 

3337108.928 


a ooo 


oc o>i/iaaacoa 

25.844000520 


0404r\0 OOO 

313193.283 


3340728.352 


A QOA 


OC 071ftAACOn 

25.872000520 


O^OCOO /-» >l 

313532.604 


3344347.776 


n qoc 


OC QAftAAACOA 

25.yUUUUU520 


313871.925 


3347967.200 


0.926 


25.928000520 


314211.246 


3351586 324 


0.927 


25.956000520 


314550.567 


3355206.048 


0.928 


25.984000520 


314889.888 


3358825.472 


0.929 


26.012000520 


315229.209 


3362444.896 


! 0.930 


26.040000520 


315568.530 


3366064.320 


0.931 


26.068000520 


315907.851 


3369683.744 
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B 

(microgauss) 


(Hertz) 


tarnpf msQQAc 

in (daltons) 


tarnot maccoc 
laiyci llldooco 

in (daltons) 


FIELD 


FREQUENCY 


EO 


SC 


0 9^9 


9R 09rooo590 


^1R9A7 1 79 


0070000 ICQ 

00 M0U0. 100 


0 9^ 


9R 194000590 


v3 i oooo.4yo 


007C099 R09 

00/ oyzz.oyz 


0 9^4 


9R 159000590 


o i oy^o.014 


OOOU04Z.U10 


o 9°.5 


9R iroooo59o 
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[0044] The treatment has been verified by laboratory testing. Preliminary studies were 
5 conducted using eight (8) anesthetized dogs. Each dog was intravenously administered 
30mg/Kg of Na-pentobarbital. The heart rates in the anesthetized state averaged 120-170 
beats per minute. The baseline measurements of the heart rates were made from recordings of 
standard electrocardiograms. Cardiac conduction measurements were made from an His 
bundle electrogram. This His bundle electrogram shows conduction time from the upper 
10 chambers of the heart (the atria, A) to the beginning of electrical activation (His bundle, H) of 
the lower chambers (ventricles). The A-to-H interval measures conduction time in 
milliseconds through the A-V node. 
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[0045] The control measurements are recorded. Both heart rate and A-V nodal conduction 
are consistently depressed by parasympathetic nerve stimulation. Electromagnetic fields are 
positioned for parasympathetic nerve stimulation by either of two methods: 1) a Helmholtz 
5 coil, five-cent size, surrounding the vago-sympathetic trunk dissected from the aortic sheath 
in the neck, or 2) via a larger, 1 8 inch diameter Helmholtz coil situated on either side of the 
dog's chest. 

[0046] Once the control measurements are recorded, the system 25 is applied for treatment. 

10 A dog was placed between the first coil 31 and the second coil 33. The first coil 31 and the 
second coil 33 each have a diameter of eighteen inches (18 in) and are arranged in the familiar 
Helmholtz coil arrangement. The well-known Helmholtz coil configuration has two loops as 
shown in FIG. 1 . A Helmholtz coil is a device that produces a highly uniform magnetic field 
in a space d between the first coil 35 and the second coil 37. See Roald K. Wangsness, 

15 Electromagnetic Fields 234 (1986). 

[0047] The first coil 31 is positioned on one side of the dog's chest and the second coil 33 is 
positioned on an opposite side of the dog's chest. This arrangement aligns the dog's heart 
along a common axis Li-L h The signal generator 27 used in the experiments is a Stanford 
20 Research System model D-360 ultra low distortion function generator. The Stanford 
Research System is capable of producing a frequency adjustable and an amplitude adjustable 
sinusoidal, rectilinear, triangular, or trapezoidal waveform input signal. 

[0048] Field strengths applied were from nanogauss range to microgauss range in 
25 cardiovascular studies. Specific electromagnetic fields were selected on the basis of Jacobson 
Resonance (mc 2 =Blvq). The critical molecules were: acetylcholine; epinephrine; nor- 
epinephrine; serotonin; cytokines; interferon; vaso-interstinal peptide; protons; electrons; 
muons; mesons; and photons — sub-atomic species. Sinusoidal waves were commonly used, 
although rectilinear waves also provided advantages. 

30 

[0049] The attenuated signal from the voltage attenuator 31 is applied to the first coil 35 and 
the second coil 37 for thirty five (35) minutes. Spontaneous heart rate was initially measured. 
The A-H interval was measured during atrial pacing at a constant heart rate for three periods: 
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prior to application of the electromagnetic radiation, during the application of the 
electromagnetic radiation, and for three (3) hours after the 35 minute application of the 
electromagnetic field. Measurements were also made with stepwise increase in the two forms 
of the parasympathetic nerve stimulation mentioned above. 

5 

[0050] While the signal generator 27, the voltage attenuator 31, and the at least one inductor 
are shown as connected by wires, those skilled in the art recognize any means of transmitting 
signals between electrical components can be used. Copper or aluminum lines, circuit 
boards, infrared signals, or any other portion of the electromagnetic spectrum may be used to 
1 0 transmit signals between components. 

[0051] FIGS. 2 and 3 graphically show the results of the very low frequency treatment. FIG. 
2 is a graph showing each dog's heart rate during three (3) hours after application of the 
electromagnetic radiation. FIG. 3 shows each dog's heart rate in a sham control test with no 

15 application of electromagnetic radiation. As FIG. 2 shows, there is a significant trend during 
the three (3) hours for a reduction of the spontaneous heart rate and for a reduction of the 
heart rate. This trend is not significant at thirty five (35) minutes, when the electromagnetic 
radiation is initially terminated. Heart rates, however, significantly decrease at three (3) 
hours. FIG. 3, conversely, shows the results for the sham control during spontaneous rhythm 

20 and with electrical stimulation over a period of six (6) hours. No electromagnetic radiation is 
applied during the sham control, and FIG. 3 shows no trend for either an increase or a 
decrease in heart rate during this period. 

[0052] FIG. 4 graphically shows the effects of the treatment on A-H intervals. The time for 
25 each dog's A-H interval was measured during and at several periods after the electromagnetic 
field application. Three autonomic nerve stimulation levels were also tested: forty volts 
(40V), twenty volts (20V), and a control no stimulation level. The rate of change of A-H 
prolongation or slowing of A-V conduction for one (1) to three (3) hours was greatest at the 
highest level (40V) of stimulation. The induction of A-V block, i.e., atrial activation not 
30 followed by ventricular activation, more interestingly occurred at the highest stimulation level 
(again, 40V) at two (2) and three (3) hours even though other values, of autonomic nerve 
stimulation were returning to control levels at three (3) hours. 
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[0053] These results were admittedly tempered in two dogs. One dog showed a significant 
increase in heart rate associated with the application of electromagnetic radiation. Another 
dog showed no change over the three (3) hour period. The results of these two dogs suggest 
perhaps both the parasympathetic arm (slowing heart rate and A-V conduction) arm and the 
5 sympathetic arm (speeding heart rate and A-V conduction) arm of the autonomic nervous 
system could be activated by low frequency electromagnetic radiation. A balance between 
the parasympathetic and the sympathetic systems could result in no change in heart rate and 
A-V conduction; whereas, a greater sympathetic effect can induce a speeding of heart rate and 
A-V conduction. 

10 

[0054] The parasympathetic effect is well known to predominate. Six (6) of the eight (8) 
dogs, as mentioned above, experienced parasympathetic slowing of heart rate and of A-V 
conduction. This parasympathetic effect is pronounced despite the use of Na-pentobarbital as 
the anesthesia. Na-pentobarbital usually affects the parasympathetic system and tends to 
15 enhance a sympathetic tone. An increased heart rate, therefore, is usually experienced when 
Na-pentobarbital is administered. These results, however, are due to the greater effect of the 
electromagnetic field on enhancing the parasympathetic slowing of heart rate. This 
parasympathetic slowing of heart rate has also been seen in human patients exposed to the 
same low-frequency electromagnetic radiation. 

20 

[0055] The most direct application of the treatment is to slow heart rate. The low-frequency 
electromagnetic treatment activates parasympathetic neurotransmitters. This activation of 
parasympathetic neurotransmitters induces slowing of the heart rate. If a patient has 
supraventricular tachycardias, such as the most common atrial fibrillation with a rapid 

25 ventricular response, the non-invasive application of low-frequency electromagnetic treatment 
could exert control over the heart rate. This treatment could provide acute control and longer 
term period control. This control over heart rate would be especially useful for treatment of 
intensive care patients, with concomitant atrial fibrillation and poor left ventricular function, 
in whom inotropic drugs, such as dopamine, would exacerbate rapid ventricular response. 

30 Drugs, such as beta-blockers and calcium channel blockers, would tend to slow ventricular 
response, but, could also exacerbate heart failure and further cardiac decompensation. 
Cardioversion would require ventricular compromising anesthetics and, despite multiple 
conversions by shocks to the heart, many patients quickly revert to atrial fibrillation. 
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[0056] The treatment may also be applied for chronic uses. The low-frequency 
electromagnetic treatment could be used to provide long-term "toning" of the parasympathetic 
nervous system. This toning is very useful in patients with low heart rate variability. The 

5 effects of increased parasympathetic tone has been shown to be cardio-protective in 
myocardial infarction survivors by increasing heart rate variability. This therapeutic modality 
could be used as an adjunctive measure in patients with implantable cardioverter 
defibrillation ("ICD") to reduce shock episodes. This would require the addition of a coil 
configuration to the implanted electrode catheter. Specifically, the coil for "toning" the 

10 parasympathetic nervous system could be built as part of the catheter which lies in the 
superior vena cava adjacent to the parasympathetic nerve. This therapeutic modality could be 
applicable to ICD patients with and without beta-blockers. This addition would considerably 
enhance patients acceptance of ICD implantation, and significantly add to the quality of life 
subsequently. 

15 

[0057] The above described in vivo testing of low-frequency electromagnetic treatment in 
dogs suggests that similar results may be found in humans. 

[0058] FIG. 5 is an isometric view of a catheter 41 for invasively administering the low- 
20 frequency electromagnetic treatment. The catheter 41 includes a catheter 43. The catheter 43 
is a tubular passage member 45 defining a longitudinal axis L 2 -L 2 . The longitudinal axis L 2 - 
L 2 is bounded by an enclosing wall 47 to define a cross-section of the tubular passage member 
45 that is transverse to the longitudinal axis L 2 -L 2 . The tubular passage member 45 may 
include a cap portion 49. The cap portion 49 is at a distal end of the tubular passage member 
25 45, and the cap portion 49 securely engages the tubular passage member 49. At least one 
inductor is contained within a bore 51 of the catheter tube 43. The inductor is shown in FIG. 
5 as the first coil 35. The first coil 35 is serially arranged with the second coil 37 to produce 
the Helmholtz coil arrangement. As discussed previously, other coil arrangements may be 
substituted for the Helmholtz coil arrangement, such as solenoid or saddle coils. A first wire 
30 53 is shown connecting the first coil 35 to a first terminal 55. This first terminal 55 receives 
the attenuated signal from the voltage attenuator (shown as reference numeral 31 in FIG. 1), 
and the attenuated signal flows through the first wire 53 and to the first coil 35. The first wire 
53 connects at one end to the first coil 35, passes through the bore 51, and connects at an 
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opposite end to the first terminal 55. A second wire 57 connects at one end to the second coil 
37, passes through the bore 51, and connects at an opposite end to a second terminal 59. The 
second terminal 59 is connected to the signal generator 27 to complete the circuit. 

[0059] The catheter 41 can be used to administer the low-frequency electromagnetic 
treatment. The catheter 41 is inserted into the patient and positioned proximate a region of 
treatment. Once the catheter 41 is positioned, the attenuated signal is sent from the voltage 
attenuator 3 1 to the at least one inductor. The attenuated signal flows through the at least one 
inductor and produces the magnetic flux density. The locally positioned catheter 41 can thus 
locally impinge the electromagnetic field within the patient. The catheter 41 allows the 
parasympathetic and sympathetic effects of the low-frequency electromagnetic field treatment 
to be focused on particular regions, or even particular organs, of the patient. The catheter 41, 
for example, could be positioned in a target region of the superior vena cava region ("SVC") 
at the azagous vein junction. This particular region of treatment could interventionally reduce 
or increase the heart rate and the conduction rate, depending on stimulation of 
parasympathetic or sympathetic nervous innervation to the heart, respectively. 

[0060] As would be understood by one of ordinary skill in the art, the catheter 41 can have a 
variety of configurations. Although the catheter 41 is shown as having a generally 
20 longitudinal shape, the catheter 41 may have any curvature desired to suit a particular 
application. One, two, three, or any number of lumina could be added for particular 
operations or applications. The catheter 41 may also include any number of ports for 
irrigation or suction. The specific size of the catheter 41 may be simply determined without 
undue experimentation. The size of the catheter 41 or any lumen may be varied to the natural 
25 conformation of the region to be treated or of the insertion passage. 

[0061] One of ordinary skill in the art would recognize that the catheter 43 can also be made 
from a variety of materials. The catheter 43 is preferably made from a plastic material. The 
plastic material should have enough rigidity to be inserted into a patient, but the plastic 
30 material should also be flexible to conform to the curvature of blood vessels and organs. A 
guide wire may even be used to advance the catheter for selective positioning. The catheter 
43 could be produced by extruding rigid polyvinyl chloride with appropriate melt 
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characteristics for bending. Other materials include more traditional high density 
polyethylene, low density polyethylene, and low density polypropylene compounds. 

[0062] The bore 51 of the catheter 41 can be filled with a variety of fluids. The bore 51, for 
5 example, may be exposed at a proximate end to atmospheric conditions. The bore 51, 
alternatively, could be filled with water, saline, dissolved oxygen, or carbon dioxide. 
Magneto-rheological fluids would be especially advantageous to further locally adjust the 
electromagnetic radiation. Any fluid compatible with the patient and with the application 
could be used in the bore. 

10 

[0063] FIG. 6 includes two partial views of an alternative embodiment of the catheter 41 for 
invasively administering the low-frequency electromagnetic treatment. This catheter 41, 
however, includes a balloon tip 61. FIG. 6A shows the balloon tip 61 in a deflated condition, 
while FIG. 6B shows the balloon tip 61 in an inflated condition. The balloon tip 61 is 

15 attached to a distal end of the catheter tube 43. The balloon tip 61 is sealed to the catheter 
tube 43, and an interior region 63 of the balloon tip 61 communicates with the bore 51 of the 
catheter tube 43. The balloon tip 61 is inflatable and deflatable in response to fluid pressure 
within the bore 51. The balloon tip 61, for example, may be inflated by atmospheric 
conditions, water, saline, dissolved oxygen, carbon dioxide, or any other fluid compatible 

20 with the patient and with the application. 

[0064] The balloon tip 61 contains at least one inductor. While the inductor is shown as the 
first coil 35 and the serially-connected second coil 37, the inductor could include other coil 
arrangements discussed previously, such as solenoid or saddle coils. The inductor is 
25 preferably small in size such that insertion of the catheter 41 into the patient is not hindered or 
complicated. The inductor could correspondingly expand and contract with the balloon. 

[0065] The first coil 35 and the second coil 37, in this embodiment, are preferably 
constructed of thin wire. The first coil 35 and the second coil 37 could be molded within a 
30 wall of the balloon tip 61, or the thin wire coils could be attached to the wall of the balloon 
tip 61. As fluid pressure within the bore 51 causes the balloon tip 61 to inflate, the first coil 
35 and the second coil 37 would correspondingly expand and contract with the balloon. 
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[0066] FIG. 7 is also an isometric view of an alternative embodiment of a catheter 65 for 
invasively administering the low-frequency electromagnetic treatment. This catheter 65, 
however, includes a solenoidal coil arrangement 67. While the solenoidal coil arrangement 
67 is shown as having four (4) coils, those skilled in the art recognize the solenoidal coil 
5 arrangement 67 may consist of any number N of coils. The non-infinite length of the 
solenoidal coil 67, and the non-closely wound coils, ensures a constant current will produce 
magnetic flux density outside of the solenoidal coil arrangement 67. See David K. Cheng, 
Field and Wave Electromagnetics 231 (1983). The solenoidal coil arrangement 67 is 
connected at one end to the first wire 53, and the solenoidal coil arrangement 67 is connected 

10 at another end to the second wire 57. The catheter 65, for example, could be positioned in a 
target region of the SVC in the proximity of the azagous vein junction. This particular region 
of treatment could tone the parasympathetic nerves to the heart in patients with previous 
myocardial infarction ("MCI"). The treatment could prevent ventricular tachycardia and 
ventricular fibrillation, since enhanced parasympathetic tone has been shown to be protective 

1 5 against these malignant arrhythmias. 

[0067] FIG. 8 shows an implantable inductor for invasively administering the low-frequency 
electromagnetic treatment. The implantable inductor is shown as the first coil 35 and the 
serially-connected second coil 37 implanted proximate the superior vena cava region 69 of a 

20 human heart 71. The inferior vena cava region 73, the right atrium region 75, and the right 
ventricle region 77 are shown for orientation and clarity. While the inductor is shown as the 
first coil 35 and the serially-connected second coil 37, the inductor could include other coil 
wire arrangements, such as saddle or solenoid coil arrangement (such as shown and discussed 
as reference numeral 67 in FIG. 7). The inductor is implantable for prevention of ventricular 

25 tachycardia by toning of the parasympathetic nerves. The Helmholtz coil arrangement of the 
first coil 35 and the serially-connected second coil 37, for example, could be positioned in a 
target region of the right ventricle. The treatment could prevent ventricular tachycardia and 
ventricular fibrillation in patients at risk for sudden death syndrome, due to life threatening 
ventricular arrhythmias. 

30 

[0068] Because the inductor is implantable, the electromagnetic treatment can be 
programmable. The signal generator (shown as reference numeral 27 in FIG. 1) would also 
advantageously be implantable, and the signal generator could be programmed to 
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periodically, randomly, or even on-command supply the input signal A sensor could even 
monitor parasympathetic conditions and automatically activate the signal generator. The low- 
frequency electromagnetic treatment can thus be applied when needed. The treatment could 
also be applied on-command if, for instance, the signal generator is wirelessly commanded to 
produce the input signal 

[0069] FIG. 9 shows an alternative application for the implantable inductor. The inductor is 
again shown as the Helmholtz coil arrangement of the first coil 35 and the second coil 37, 
although alternative coil arrangements may be used, such as solenoid or saddle coils. The 
inductor is shown implanted so as to surround the sino-atrial node region 79 of the dog heart 
71. The sino-atrial location of the inductor focuses the treatment directly on parasympathetic 
nerve elements at the sino-atrial node. Also, the low-frequency electromagnetic treatment, for 
example, may be focused on the right and left cervical vagosympathetic nerve trunk. The 
low-frequency electromagnetic treatment predominantly activates the parasympathetic arm of 
the autonomic nervous system, and thereby can slow heart rate, A-V conduction, and reduce 
the rate of sinus tachycardia. 

[0070] FIG. 10 also shows an alternative embodiment for invasively administering the low- 
frequency electromagnetic treatment. A stent coil 75 is implanted in the blood vessel 73. 
The stent coil 75 is a solenoid wire coil arrangement that is implantable in a blood vessel 73. 
As would be recognized by one of ordinary skill in the art, the stent coil arrangement may be 
implanted by standard medical devices. The coil has a capacitor 81 attached to one end such 
that the solenoid 75 and the capacitor 81 are connected in series. The solenoid 75 and the 
capacitor 81 thus form what is commonly referred to in the art as an "LC" circuit ("L" 
representing the inductor and "C" representing the capacitor.) As would be known by one of 
ordinary skill in the art, an undriven current generated through an LC circuit will oscillate in 
amplitude. If there were no resistance in the LC circuit, the current would continue to 
oscillate indefinitely. However, there is some resistance in the LC circuit because current 
through a wire inherently has some resistance. The resistance of the wire has a dampening 
effect on the current oscillation. As with any solenoid or other wire arrangement, the 
oscillation of a current through the inductor coil 75 induces a magnetic field. Although the 
stent coil has been described as being a solenoid, other shapes to generate the field desired 
can be used. For example, a saddle coil may suffice. 
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[0071] A current may be generated in the inductor coil 75 using two methods. The first 
method is illustrated in FIG. 10. As shown in FIG. 10, a catheter 77 has a solenoid coil 
arrangement 79 attached to one end as shown in FIG. 10. The catheter is a vascular access 
5 device that is able to be inserted into the blood vessel 73. The coil 79 of wire is attached to a 
generator (not shown) by wires 71. The generator sends a current through the wires 71 and 
the coil 79. 

[0072] The catheter coil 79 is insertable into the stent coil 75. As would be understood by 
10 one of ordinary skill in the art, if the catheter coil 79 is inserted into the stent coil 75, a 
current running through the catheter coil 79 will induce a current in the stent coil 75. As 
discussed previously, a current generated in the stent coil 75 will oscillate because the 
solenoid stent coil 75 and the capacitor 81 form an LC circuit. Oscillation of current 
amplitude is a commonly known property of LC circuits. The current in the stent coil 75 will 
15 continue to oscillate after the catheter is removed, subject to the dampening factor caused by 
resistivity of the wire forming the coil 75 and the capacitor 8 1 . 

[0073] The current oscillation in the stent coil 75 induces an electromagnetic field in the 
center of and around the stent coil 75. Thus, the stent coil 75 applies an electromagnetic field 
20 locally to the patient or organism in which the stent coil 75 is implanted. The stent coil 75 
continues to apply the electromagnetic field after the catheter coil 77 is removed from 
insertion within the stent coil 75. 

[0074] The second method of generating a current through the stent coil 75 is shown in FIG. 

25 11. The stent coil 75 and microchip capacitor 81 are inserted or implanted into an area of an 
organism such as a blood vessel in the same configuration shown in FIG. 10. The organism 
or patient in which the stent coil 75 has been implanted is then exposed to an electromagnetic 
field generated by an external coil configuration. The electromagnetic field may be generated 
by a Helmholtz coil configuration 25 as shown in FIG. 10. As described previously, the 

30 Helmholtz coil configuration has a first coil 35 arranged in series with a second coil 37, 
which is connected to a signal generator by two wires 39 and 33. As would be readily 
understood by one of ordinary skill in the art, other coil configurations for generating an 
electromagnetic field may be easily substituted for the Helmholtz coil 25 arrangement shown 
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in FIG. 1 1 . Examples of such alternative coil arrangements include solenoid coils and saddle 
coils with one or more coils of a shape such that a magnetic field is induced through the coil. 

[0075] The patient or organism in which that stent coil 75 has been implanted is placed 
5 within the magnetic field produced by the coil arrangement 25. As with the configuration 
shown in FIG. 10, the external magnetic field induces a current through the stent coil 75, 
which oscillates subject to a dampening factor. As would be understood by one of ordinary 
skill in the art, the current oscillation continues after the external magnetic field is removed. 

10 [0076] While the present invention has been described with respect to various features, 
aspects, and embodiments, those skilled and unskilled in the art will recognize the invention 
is not so limited. Other variations, modifications, and alternative embodiments may be made 
without departing from the spirit and scope of the present invention. 

15 
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